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In preparing tbls manual the folloring points bave been 
kept flapeciall7 in view: (1) To provide a simple and com' 
prebeneire text designed to anticipate and supplement, 
rather than replace, the usual elaborate treatise. (3) To 
bring the student into immediate ramillarity wJtb approved 
surveying methods. (3) To cultivate the student's skill In 
the rare arts of keeping good field notee and making rellnJble 
calculations. 

It le believed tbat the diocusslons of the different inatru* 
mente, their use and theory, at the beginning of tbe several 
chapters is unusually simple, especlallr In the relations ot 
the elementary lines. 

The several series of practice problems at the conclusion 
of the respective cbaptera are arranged so as to give the 
student familiarity with tbe use of the Instrument before 
taking up Us theory and adjustments, this order bein^ mora 
eCtectlve than the reverse. The interest ot the student may 
be stimulated and bis gain in akill promoted by giving bim 
practice with level and transit very early In the couree, 
after which the scope of the work may be much more flex- 
ible both for student and instructor. 

Since the list of problems Is more extended than can be 
covered In the time usually available for surveying field 
practice, some range Is permitted In the choice ot work from 
year to year and under varying local conditions. By using 
some dlecri ml nation in selecting tbe more Important prob- 
lems (or actual field work, the othem may be covered suf- 
ficiently by class room discussions. 

The consistent treatment o( errore of surveying recelvea 
attention throughout the book. Tbe methods of work both 
In the field and ofilce are designed to reveal and, as far i 
as possible, to eliminate blunders and errors, and tbe tests 
of precision are borrowed from the most rational current 
practice. The distribution of residua] errors falling within - 
the permlsBlhle limits likewise receives due consideration. I 

An Important Innovation In ttiis manual la the liberal J 
ue of field note and other forma executed nccQTtois to ^S* | 
■tanilsrd required ot tbe stuflent In Ifta ^otY. TTa* VL^tt J 



PHEKACE. 

TSluo of such samples In developing tbe student's skill In 
dils Important detail of field work has been welt estsb- 
llsbed. It win be seen that the loi-ma are i^reecilbed In 
lUwral numlmr In the earlier stages of the work while the 
studsot is engaged In fixing a standard of quailLj*, but that 
further on he Is required more and more to devise his own 
forms. A valuable feature of tLls system Is the liberal 
amount of practice obtained In freehand lettering which 
has marked effect i the drafting and other work. 

It is saggest«d that the student should be trained to be 
self-reliant by requiring blm to verify his own results be- 
ton submitting tiiem for criticism. Likewlee he should be 
encouraged to be genuine by placing him on hla honor. 

TtilB somewhat Informal guide to field and ofFlce methods 
is Issued primarily for the use of the authors' classes, but 
It Is hoped that others as well may find It of value In pre- 
senting principles to the beginner, and In cultivating hli 
■plylt and manual Skill. 

December, 1900 W. TK P, 



PEBFACH TO THIRD EDITION. 

This third edition is issued to meet the call for the man- 
ual at rariouB technical InetitutionB and from practicing en- 
gineers. With a view to Increoee the value of the book both 
lor teaching and reference purposes, various revisions and 
additions have been made. Among these are the full scale 
samples of field notee on the Inset sheet at the back of the 
book. 

The authors desire to acknowledge the valuable sujxes- 
tions and criticisms received from various sources. 



August. in02. 
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SPECIFICATIONS FOR A GOOD ENGINEER. 

"A good engineer muet he of inflexible inteerlty, aol 
tnitlbful, accurate, resolute, discreet, of cool and so 
Judsment, must ticiTe command of his temper, must h 
courage to resist and repel attempts at intimidation, a. fi 
nees that 1b proof agaiuBt solioitation, Sattery or imprc 
bias of any kind, must take an interest In his work, tc 
be energetic, quick to decide, prompt to art, must be 
&nd impartial as a judge on the bencb, must liave cxp 
ence in his work and in dealing with men, which Imp 
nme maturity Of years, must have business habits 
knowledge of accounts. Men who combine these quali 
are not to be picked up every day. Still tbey can be foi 
But they are greatly in demand, and when found, they 
worth their price; rather they are beyond price, and tl 
value can not be estimated by dollars."— C/ricf Engii 
Slarling't Report to the iftssJ^slppi Levee Canmissionerit. 



"Be sure you are right, and then go ahead." — /). Croci 
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CHAPTER I. 
OEMERAI. INSTBUOTtOMS. 



FIELD WORK. 



Habltnal CarreotneiB. — Habitual correci^eaa Is a. duty. 
Error ahould be looked upon as probahlf,, and every precau- 
tion taken to verify data and results. Unckecked work may 
always be regarded as doubtful. A discrepancy which ta 
found by the maker In time to be corrected by btm before 
any damage is done Is not aecessarlly discreditable, pro- 
Tided tbe error is not repeated. However, ftoftifual error 
is not only discreditable but dlskonorable as well, and noth- 
ing except Intentional dlebonesty injures tbe reputation of 
tbe engineer more Quickly or permanently. 

Consistent Acovraoy.— Tbe degree of precision Bougbt 
In the field measuremeEts should be governed strictly by the 
dictates of common sense and experience. Due considera- 
tion Of the purposes of the survey and of the time available 
will enable one to avoid extreme precision when ordinary 
care would suffice, or crudeness when exactness Is required, 
or inconsistency between the degrees of precision observed 
in the several parts of the survey. It is a very common 
practice of beginners, and of many experienced engineers 
OB well, to carry calculated results tar beyond the consistent 
exactness. 

Speed. — Cultivate the habit of doing tbe field work 
quickly as well as accurately. True skill involves both 
quantity and quality of results. However, while the habit 
of rapid work can and should be acquired, the speed at- 
tempted in any given problem should never be such as to 
cast doubt upon the results. Slowness due to \a3.Vn«sj& Vb 
intolerable. *" 

I^mmUimHir trith InatrnctloiiB.— Ttie Itvatvacttwaa tat 
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2 GENERAL INSTRUCTIONS. 

the day's work should be read over carefully, and prelim- 
laary steps, such as the preparation of field note forms, 
should be taken so as to save time and make the work in 
the field as effective as possible. The ability and also the 
desire to understand and obey instructions are as essential 
as the eklil to execute them. 

Inferior Iii«trnnieiit«.— Should a poor InBtrnment OF 
other equipment be assigned, a special elTort should be made 
to secure excellent results. In actual practice, beginners 
often have to work with defective instruments, hut they 
should never seek, nor are they permitted, to justify poor 
results by the character of the Qeld equipment. The stu- 
dent should therefore welcome an occasional opportunity to 
eecure practice with poor instruments. 

Alternation of Duties. — The members of each party 
should alternate in discharging the several kinds of service 
involved in the field problems, unless otherwise instmcted. 
Training in the subordinate positions Is essential whether 
the beginner la to occupy them in actual practice or not, 
far Intelligent direction cf work demands thorough knowl- 
edge of all Its details. 

Field Practice Decomm, — The decorum of surveying 
field practice should conform reasonably to that observed 
in other laboratory work. 



THE CARE OF FIELD EQUIPMENT. 

RESPONSIBII,ITY.— The stuilent is responsible for the 

proper use and safe veturn of all equipment. All cases of 
breakage, dama!;e. loss or misplacement must be reported 
promptly. The equipment should be examined when as- 
signed and a report made at once of any Injury or de- 
ficiency found, so that responsibility may be properly 
fixed. 

PREOAITTIOITS.— Careful attention to the following 
practical suggestions will save needless wear to the equip- 
ment and reduce the danger of accidents to a mlnlinum, 
besides adding to the quality and speed of the work. 
. Tripod.— Inspect the tripod legs and shoes. The leg is 
ot the proper tightness if. when lifted to an elevated posl- 
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tion. It ainks gradually of ItR own weight. The tripod shoes 
should be tight and have reasonably sharp points. 

Setting Up Indoors. — In setting up the instrument in- 
doora press the tripod shoes firmly into the floor, prefer- 
ably with each point in a crack. Avoid disturbing other 
Instruments In the room. 

Xtutnunent Case. — Handle the instrument gently In re- 
moving it from and returolng it to the case. It Is always 
best to place the hai^s beneath the leveling base in hand- 
ling the detached instrument. Considerable patience is 
sometimes required to close the lid after returning the In- 
strument; if properly placed the lid clOBes freely. 

Moimtlng the Xnatmiueiit.— See that the Instrument 
18 securely attached to the tripod before shouldering It. Un- 
due baste In this particular sometimes results in costly 
accidents. When screwing the instrument . on the tripod 
head, it should be turned In a reverse direction until a slighi. 
jar Is felt, indicating that the threads are properly engaged. 

SnnaliAde. — Always attach the sunahade regardless of 
the kind of weather. The sunshade is a part of the telescope 
tube and the adjustment ot a delicate instrumeat may 
sometimes be affected by its absence. In attaching or re- 
moving the sunshade or object glass cap, always hold the 
telescope tube flrmly with one hand and with the other 
twist the shade or cap to the right to avoid unscrewing the 
object glass cell. 

CaTryinB tko Inatmmeiit. — Do not carry the Instru- 
ment on the shoulder in passing through doors or In climb- 
ing fences. Before shouldering the Instrument, the prin- 
cipal motions should be slightly clamped; with. the transit, 
clamp the telescope on the line of centers; and with the 
level, when the telescope la hanging down. In passing 
through timber with low branches, give special attention 
to the instrument. Before climbing a fence, set the instru- 
ment on the opposite Bide with tripod legs well spread. 

Settlas Up In the Field.— When setting up in the field, 
bring the tripod legs to a Arm bearing with the plates ap- 
proximately level. Give the tripod legs additional spread 
in windy weather or in places where the Insttument mx^ 
*e subject to vibration or other dlstatlauicQ. O^ *.ii.e^WMi 
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wor'. place one leg up hill. With the level, place two 
tripod shoee in the general direction of the line of leTela. 

Ezpoanre of Inatmineiit. — Do not expose the iiuttm- 
ment to rain or dampness. In threatening weather the 
waterproof "bag should be taken to the field. Should the 
instrument get wet, wipe It thoroughly dry before return- 
ing it to the case. Protect the instrument from duet and 
dirt, and avoid undue exposure to the burning action of the 
sun. Avoid subjecting It to sudden changes of tempera- 
ture. In cold weather when hringiuK an instrument in- 
doors cover the instrument with the bag or return it to 
the ease Immediately to protect the lenses and graduations 
from condensed moisture. 

GnardiiiE the Inatrament.— Never leave AD Instrument 
unguarded in exposed situations, such as In pastures, near 
driveways, or where blasting is In progresB. Never leave 
an instrument standlne on its tripod over night in & room. 

Manipnlation of Inatmiuent. — Cultivate from the very 
heemning the habit of delicate manipulation of the Instru- 
ment. Many parts, when once impaired, can never be re- 
stored .to their original condition. Hough and careless 
treatment of field instruments Is chars eterletlc of the un- 
Bkilled observer. Should any screw or other part of the in- 
strument work harshly, call immediate attention to it so 
that repairs may be made. Delay in such matters Is very 
destructive to the Instrument. 

Foot Screwa.— In leveling the inatniment, the foot screws 
should be brought just to a snug bearing. If the screws are 
too loose, the instrument rocks, and accurate work can not 
be done; if too tight, the instrument is damaged, and the 
delicacy and accuracy of the observations are reduced. Much 
needless wear of the foot screws may be avoided If the 
plates are brought about level when the instrument is set 
up. With the level, a pair of foot screws should be shitted 
(0 the general direction of the back or fore sight before 
leveling up. 

Eyepiece. — Before beginning the observations, focus the 
eyepiece perfectly on the cross-hairs. This is beat done by 
holding the note book page, handkerchief, or other white 
object a toot or so In front of the object glass so as to ilium- 
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Inate the hairs; and then, by means of tbe eyepiece allde, 
focus the microscope on a speck of dust on the cross-hairs 
near the middle ol the fleld. To have the focusing true for 
natural vision, the eye should be momentarily closed sev- 
eral times between observations In order to allow the 
lenses of the eye to assume their normal condition. The 
omission of this precaution strains the eye and Is quite cer- 
tain to cause parallax. After the eyepiece is focused on the 
crosB-halrs, test For parallax by sighting at a well defined ob- 
ject and observing whether the cross-hairs seem to move 
as the eye is shifted slightly. 

Clamps.— Do not overstrain the clamps. In a well de- 
signed instrument the ears of tbe clamp screw are purpose- 
ly made small to prevent such abuse. Find by experiment 
just how tight to clamp the Instrument in order to prevent 
slipping, and then clamp accordingly. 

Tangent Sorewa. — Use the tangent screws for slight 
motions only. To secure even wear the screws should 
be used equally in all parts of their length. The use of tbe 
wrong tangent movement la a fruitful source of error with 
beginners. 

Adjnatlng Screira. — Unless the instrument is assigned 
expressly tor adjustment,- do not disturb the adjusting 
screws. 

Mngnetlo Needle. — Always lift the needle before should- 
ering tbe instrument. Do not permit tampering with the 
needle. If possible, avoid subjecting the needle to mag- 
netic Influences, such as may exist on a trolley car. Should 
the needle become reversed in its polarity or require re- 
magnetization, it may be removed from the instrument and 
brought Into the magnetic field of a dynamo or electric 
motor for several minutes, the needle being jarred slightly 
during the exposure; or a good horseshoe magnet may 
be used for the same purpose. The wire coll counterbalance 
on the needle will usually require shifting after the fore- 
going process. 

Xienaea. — Do not remove or rub the lenses of the tele- 
scope. Should It be absolutely vercaitfiri/ to clean a lens, use 
a very soft rag with caution, to avoid scratching or marring 
the polished surface. Protect the lensea ttoia ft-s\.T\^ «btA 
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6 GENERAL INSTRUCTIONS. 

and duet, which In time seriously affect tbe deflnitloa or 
the telescope. 

Plnmb Bob. — Do not abuse the point of the plumb bob 
and avoid needless knots in the plumb bob string. 

CleauinB Tripod Shoei. — Remove the surplus soil from 
the tripod shoes before bringing the instrument indoors. 

IieTellng Roda. — Leveling rods and stadia boards should 
not be leaned against trees or placed where they may fall. 
Avoid Injury to the clamps, target and graduations. Do not 
mark the graduations wilh pencil or otherwise. Avoid 
needless exposure of the rod to moisture or to the sun. 

Flag Pole*. — Flag poles should not be unduly strained. 
and their points should be properly protected. 

Chaliu and Tapea. — Chains should not be Jerked. Avoid 
kinks in steel tapes, especially during cool weather. When 
near driveways. In crowded streets, etc., use special care to 
protect the tape. Band tapes will be done up in o-foot 
loops, Bgure 8 form, unless reels are provided. Etched tapes 
should he wiped clean and dry at the end of the day's work. 

Axes and Batohets. — Axes and hatchets will he em- 
ployed for their legitimate purposes only. .Their wanton 
use In clearing survey lines Is forbidden, and their use at all, 
for such purpose, on private premises must be governed 
strictly by the rights of the owner. 

Stftkei.— The consumption Of Stakes should be controlled 
by reasonable economy, and surplus stakes returned to 
the general store. For the protection of mowing machines 
in meadows, etc., hub stakes should be driven dueh with 
the surface of the ground, and other stakes should be left 
high enough to be visible. Whenever practicable, stakes 
which may endanger machines should be removed after 
serving the purpose for which they were set 



FIELD NOTES. 

Scope o< Field Notes.~--Tbe notes should be a complete 
record Of each day's work In the fleld. In addition to the 
title of the problem and tbe record of the data observed, 
tbe fleid notes should Include the date, weather, organlsa- 
e/on ot party, equipment used. Ume devotert to tbe prob- 
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lem, and any other information which ie at all likely to be 
of service In connection with the problem. No item proper- 
ly belonging to the notes should be tniated to memory. 
Should the question arise ss to the deeirabllity of any item. 
It is always safe to include it. The habit of rigid self criti- 
cism of the Held notes should be cultivated. 

Character of Notes. — The field notes should have char- 
acter and force. As a. rule, the general character of the 
student's work can be judged with considerable certainty 
by the appearance of his field notes. A first-class page of 
field notes always commands respect, and tends to estab- 
lish and stimulate confidence in the recorder. The notes 
should be arranged systematically. 

Interpretation of Motet— The field notes should have 
one and only one reasonable interpretation, and that the 
correct one. They should be perfectly legible and easily 
understood by anyone at all familiar with such matters. 

Original Notes. — Each student must keep complete notes 
of each problem. Field notes must not be taken on loose 
Blips or sheets of paper or in other note books, but the 
original rerord must be put in the prescribed field note book 
during the progress of the field tcork. 

Field Note Book.— The Held record must be kept in the 
prescribed field note book. For ease of identification the 
name of the owner will be printed in bold letters at the top 
of the front cover of the field note book. 

Pencil. — To insure permanency all notes will be kept 
with a hard pencil, preferably a IH. The pencil should be 
kept well sharpened and used with sufCicieut pressure to 
Indent the surface of the paper somewhat. 

Title Page.— An appropriate title page will be printed 
on the first page of the field note book. 

Indazlns and Croas Referencing.^ — A systematic Index 
of the field notes will be kept on the four pages following 
■ the title page. Related! notes on different pagHs will be lib- 
erally and plainly cross referenced. The pages of the note 
book will be numbered to facilitate indesing. 

Met&odi of Recording Field Notc».— There are thvw 
general methods of recording field notes, ■n»^ii%\'3-. Wi \« 
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sketch, (2) by description or narration, and (3) br tabula- 
tion. It Ib not uncommon to combine two or perhaps all 
three ot these methods In the same problem or surrey. 

Form of Notes. — All field notes must be recorded In a 
field note book ruled as shown below, except where cir- 
cumstances require modification. If no form Is given, the 
student will devise one snlted to the particular problem. 






Iietterlag. — Field notes will be printed habitually in the 
"Engineering News" style of freehand lettering, as treated 
in Relnhardfs "Freehand bettering." The body of the fiedd 
notes will be recorded In the slanting letter and the head- 
ings will be made in the upright letter. The former slants 
to the right 1:2.5 and the so-called upright letter Is made 
to slant to the left slightly, say 1:25. Lower case letters 
will be used in general, capitals being employed for Initials 
^nd important words, as required. \i\. Vn^ ft^a.ada.Td. -field 
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note alphabet the height of lower case letters a, c, e, 1, m; 
n. etc., iB 3-50 (say 1-16) iocU, and the height ot lower case 
b, d, I, g, h, etc., and of all capital letters and all numerals 
is 5-50 (1-10) Inch; lower case t is made four units (4-50) 
inch high. This standard accords with beat current prac- 
tice and is based upon correct economic principles. (See 
chapter giving diacusaion of freehand lettering.) The 
standard field note alphabets are given on the bookmark 
scale which accompanies this manual. The atudent is ex- 
pected to make the most ot this opportunity to secure a 
liberal amount of practice in freehand lettering. 

Field Hot« Sketohes.— Sketcbes will be used liberally 
in the notes and will be made tn the field. It deaired, a ruler 
may be used In drawing straight lines, but the student Is 
urged to acquire skill at once in making good plain free- 
hand sketches. The field sketches should he bold and clear, 
in fair proportion, and of liberal size so as to avoid con- 
fusion of detail. The exaggeration of certain details in a 
separate sketch sometimes adds greatly to the clearness of 
the notes. The sketches should be supplemeiited by de- 
scriptive statements when helpful, and important points of 
the sketch should be lettered for reference. The precise 
scaling of sketches in the field note book, wliile sometimes 
necessary, is usually undesirable owing to the time- con- 
sumed. It is also found that undue attention to the draft- 
ing of the sketch la very apt to occupy the mind and cause 
omissions of Important numerical data. Since recorded 
figures and not the size of the field sketch Itself must usual- 
ly be employed in the subsequent use of the notes, it is Im- 
portant to review the record Before Unviiiij the field to detect 
omissions or Inconsistencies. Making sketches on loose 
sheets or in other hooka and subsequently copying them 
into the regular field book is very objectionable practice 
and will not be permitted In the class work. Copies of field 
notes or sketches are never as trustworthy as the original 
raeord made during the progress of the field work. In very 
ngU surveys where legibility ot the oriKinal record must 
porbapa suffer somewhat, It is excellent practice to tran- 
Mribe the notes at once to a neighboring page, thus pre- 
MTTIng th« original rough notes for future reference. TlK 
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original has more weight as evidence, but the neat copy 
made betore the notes are "cold" Is of great help In Inter- 
preting them. 

Nnmerioal Data. — The record of numerical data should 
be consistent with the precision ot the survey. In obser- 
vations of Uie same class a uniform number of decimal 
places should be recorded. When the fraction In a result 
Is exactly one-half the emallest unit or decimal place to be 
observed, record the even unit. Careful attention should 
be given to the legibiHty nj vumiTOls. This Is a matter in 
which the beginner la often very weak. This detect can be 
corrected best by giving studious attention and practice to 
both the form and vertical alinement of tabulated numerals. 

ErasnreB. — Erasures in the Held notes should be avoided. - 
In case a figure Is incorrectly recorded, it should 
be crossed out and the correct entry made near by. The 
neat cancellation of an item In the notes inspires cotifl- 
dence, but evidence of an erasure or alteration casts doubt 
upon their genuineness. When a set of notes becomes so 
confused that erasure seems desirable. It should be tran- 
scribed, usually on another page. Rejection of a page of 
notes should be indicated by a neat cross mark, and cross 
reference should- be made between the two places. 

Office Copie».— OfTiee copies of field notes will be sub- 
mitted promptly, as required. These copies must be actual 
transcripts from the original record contained in the field 
note book of the individual submitting the copy. When 
office copies are made, a memorandum of the fact should 
bo entered on the page of the field note book. When so 
specified, the office copies will be executed in India Ink. 

Critloiam of Field Notei.— The fleld notes must be kept 
in shape for inspection at any time, and be submitted on 
call. All calculations and reductions must be kept up to 
date. The points to wL'ich chief attention should be direct- 
ed In the criticism of the Held notes are Indicated In the 
following schedule. The student is expected to criticise his 
own notes and submit them in as perfect condition as pos- 
sible. For simplicity the criticisms will be Indicated by 
stamping on the note book page the reference letters and 
numbers shown In the schedule. 
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A. SITBJEOT HATTEB. 

(1) Generftlt 

(a) Descriptive title of problem. 

(b) Date. 

(c) Weather. 

(d) Organization of party. 

(e) Equipment used. 

(f) Time devoted to the problem. 

(g) Indexing and cross referencing. 
(h) Page numbering. 

(i) TiUe page. 

(J) Identificatloa of field note book. . 

(2) ReoDTd of Dstfti 
(a) Accuracy, 

(b> Completeneea. 
(e) Consistency. 
(d> Arrangement 
(e) Originality. 

B. EXECUTION. 
(1) I^tterlngi 

(a) Style. ("Engineering News ") 

<b) Size, (a, c. e, I, etc., 3-50 isay l-IG) Inch high; b, d. 
f, g, etc.. A, B, C. etc., and 1, 2, 3, etc., 5-50 (1-10) Inch 
highi t, 4-EO inch.) 

<c) Slant. (In body of notes, "slanting," 1:2.5 right; in 
headings, "upright," about 1:25 to left,) 

(d) Form. (See Reinhardt's "Freehand Lettering.") 

(e) Spacing. (Of letters in words; of numerals; of words; 
balancing in column or across page,) 

(f) Allnement. (Horizontal; vertical.) 

(g) Permanency. (Use sharp hard pencil with pressure.) 
<2) Sketohea. 

(a) To he hold, clear and neat. 

(b) To be ample In amount. 

(c) To be of liberal size. 

(d) To be In fair proportion. 

(e) To be made freehand. 
<f) To be made In the field. 
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OFFICE WORK. 

Importsnoe of Offl«« Work. — Capable office men ar« 
comparatively rare. Skill In drafting and computing la 
wltbin the reach of most men who will devote proper time 
and effort to the worit. Men who are skillful in both field 
and office work have the largest opportunity for advance- 

G»lotil«itloita. — All calculations and reductione of a per- 
manent character must be Bbown Id the field note book in 
the specified form. Cross references between field data and 
calculations should be showo. ConsiBtency between the 
precision of computed results and that of the observed data 
Should be maintained. Computed results should be verified 
habitually, and the verified results Indicated by a cbcck 
mark. Since most computers are prone to repnat the same 
error, It Is desirable in checking calculations to employ in- 
dependent methods and to follow a different order. A 
fruitful source of trouble is In the transcript of data, and 
this should be checked first when reviewing doubtful cal- 
culations. Skilled computers give much attention to 
methodical arrangement, and to contracted methods of 
computing and verifying results. Familiarity with the 
slide rule and other labor saving devices is important. 
(See chapter on methods of computing.) 

Drafting Room Equipment. — The student is respon- 
sible for the proper use and care of drafting room furniture 
and eijuipment provided for his use. 

Drafting.— The standard of drafting Is that indicated in 
Relnhardt's "Technlc of Mechanical Drafting." 

Drafting Roam Deoomm. — The decorum of the Student 
In the drafting room will conform to that observed in flrat- 
clasB city drafting oltlces. 
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CHAPTER n. 
THE CHAIN AMD TAPE. 



METHODS OF FIELD WORK. 



Vmlta of Meaanre. — In tlie United States the foot Is used 
by civil engineers In field measurements Fractions of a 
foot are expressed decimally, the nearest 0.1 being taiien 
in ordinary surveys, and the nearest 0,01 loot (say 1-8 
incb) in more refined work. 

In railroad and similar "line" surveys in which a station 
Btake la set every 100 feet, the unit of measure is really 100 
reet instead of the foot. The term "station" was originally 
applied only to the actual point indicated by the curahered 
stake, but it is now universal practice in this country to 
use the word station in referring to either the point or the 
100-foot unit distance. A fractional station is called a 
"plus" for the reason that a plus sign is used to mark the 
decimal point for the 100-foot unit, the common decimal 
point being reserved for fractions of a foot. The initial or 
starting stake o( such a survey Is numbered 0. 

The 100-foot chain la commonly called the "engineers' 
chain" to distineuish It from the 66-foot or lOO-ilnk chain 
which is termed the "surveyors' chain" because of its 
special value in land surveys involving acreage. The latter 
is also called the Gunter chain after its inventor, and is 
otherwise known as the four-rod or four-pole chain, British 
engineers use the Gunter chain for both line and land sur- 
veys. The United States rectangular surveys were made 
throughout with the 66-foot chain. 

In the Spanisb-Am erica n countries the vara Is generally 
used in land surveys. The Castilian vara is 32.874S inches 
long, but the state of California has adopted 32.372 Inches, 
and Texas 33 1-3 inches, as the legal length ot the vara. 

WSWfl the metric system Is used «xc\iiftWeVs , os ta.'^sA,'^ 
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THE CHAIN AND TAPK. 



each of the several United States government surveys, 
cept those for public lands, little or no progress has been 
made towards its introduction in other than government 
surveys. 

Iilnear HeasnTiiig Instrantenta.^ — Two general types of 
linear meaanring devices are used by surveyorB, viz., 1 
common chain and the tape. Ttere are several kinda of 
each, according to the lengtli. material, and method of grad- 
uation. 








Fig. 1. 



The common chain is made up of a series of Unta ( 
wire having loops at the ends and connected by rlugs fio a 
1k> afford flexibility. The eitgineers' chain is shown In (a,] 
MStJ, the Illustration being that ol a 5Q-foot chain, or d 
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half the length generally used. The aarveyors' or Gunter 
chain is shown In (b), Fig. 1. In the common chain the 

end graduation is the center of the croBB bar of the handle. 
and every tenth toot or link 1b marked by a notched braae 
tag. In the 100-foot or 100-llnk chain the number of points 
on the tag indicates the multiple of ten units from the near- 
er end, and a circular tag marke the middle of the chain. 
The chain is done up hour-glass shape, as Ehown In the cut. 

Chaining pins made of steel wire are uEed In marking the 
end of the chain or tape in the usual proceGS of linear 
meaaurement, A set oC pins usually numbers eleven, as 
indicated at (c). Fig. 1. The pins are carried on a ring 
made of spring steel wire. 

The flat steel band, shown in (d) and (e), Fig. 1, is the 
best form of measuring device for mo3,t kinds of work. The 
band tape is usually 100 feet long. The end graduations of 
'the band tape are usually indicated by brass shoulders, 
which should point in the same direction, as shown in (f). 
Pig. 1. The 100-foot band tape is commonly graduated 
every foot of its length, and the end foot to every 0.1 foot, 
every fifth foot being numbered on a brass sleeve. Brass 
rivets are most commonly used In graduating this tape. 
The band tape may be rolled up on a special reel, as indi- 
cated in (d) and (e), although some engineers dispense 
with the reel and do up the tape in the form of the figure g 
in loops of five feet or so. 

The steel tapes shown in (g) and (h) have etched gradu- 
ations. This style of tape is commonly graduated to 0,01 
foot or 1-8 Inch. It is more fragile than the band tape and 
Is commonly used on more refined work. The form of the 
case shown in (h) has the advantage of allowing the tape to 
dry If wound up while damp. 

The "metallic" tape, (1), Fig. 1, is a woven linen line hav- 
ing fine brass wire in the warp. 

The steel tape is superior to the common chain ehlelly 
because of the permanency of its length. The smoothness 
and lightness of the steel tape are often important advan- 
tages, although the latter feature may be a serious draw- 
back at times. The tape la both easier to break and more 
dlRlcult to mead than the r-ommou clia\a. 
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16 THE CHAIN AND TAPE. 

Chalnlne- — In general, tbe horizontal distance Is cbained. 

Two persona, called head and rear ctainmen, are required. 
Tbe UBual proceaa ia aa followe: 

The line to be chained l8 Srat marked with range poles. 
Tbe bead chalnman casta the chain out to the rear, and 
alter setting one marking pin at the Btartlng point and 
checking up the remaining ten pins on hie ring, steps 
briskly to the front. Tbe rear cbainman allows tbe chain 
to pass tbrougb bis hands to detect kinlis and bent links. 
Just hefore the full length Is drawn out, tbe rear chalnman 
calls "bait," at which tbe head chalnman turns, shakes ont 
the cbaln and straightens It on the true line under the 
direction of the rear chalnman. In order to allow a clear 
sight ahead, the front chalnman should hold the chain 
handle with a p!n in his right band well away from his 
body, auporting the right elbow on the right knee, if de- 
sired. The rear ctialcmsn holds the handle In his left hand 
approximately at the starting point and motions with his 
right to the head chalnman, tie aignale being distinct both 
as to direction and amount. Finally, when the straight 
and taut chain has been brought practically into the true 
line, the rear chalnman, slipping the handle behind the pin 
at tbe starting point with bis left band, and steadying the 
top of the pin with hia right, calls out "atick." The head 
chalnman at this instant sets his pin in front of the chain 
handle and responds "stuck," at which signal and ncri befotv 
' the rear chalnman pulls tbe pin. 

Both now proceed, the rear chalnman giving the preltni- 
Inary "halt" signal as he approaches the pin Just set by 
the head chalnman. The chain la lined up, stretched, the 
Iront pin aet, and the rear pin pulled on signal, as described 
'or the first chain length. This process la repeated until 
the head chalnman has set his tenth pin, when he calls 
''out" or "tally," at which the rear chalnman walks ahead, 
counting his pins as he goes and, if there are ten, transfers 
them to the head chalnman who also ohecks them up find 
replaces them on his ring. A similar check in the pins may 
he made at any time by remembering that the sum, omit- 
ting the one In the ground, should he ten. This safeguard 
should be taken often to detect loss ot pins. The cotuit at 
"mJliee Bhoald be carefully keot 
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When the end of the line is reached, the rear cbaiDman 
steps ahead, and reads tbe fraction at the pin, noting the 
units with respect to the brass tags on the chain. The 
number of pins in the hand of the rear chalnman indicates 
the number of applications of the chain since the starting 
or last tally point. A like method Is used in case inter- 
mediate points are to be noted along the line. 

On sloping ground the horizontal distance may be ob- 
tained either by leveling the chain and plumbing down 
fvora the elevated end, or by measuring on the slope and 
correcting for the Inclination. In ordinary work the former 
is preferred, owing to Itfl simplicity. In "brealting chain" 
"P or down a steep slope, the head chalnman first carries 
the full chain ahead and places It carefully on the true line. 
■^ Plumb bob, range pole or loaded chaining pin should be 
'ised in plumbing the points up or down. The segments of 
the chain should be in multiples of ten units, as a rule, and 
the breaking points should be "thumbed" by both chain- 
**ien to avoid blunders, Likewise, special caution Is re- 
quired to avoid confusion In the count ol pins during this 
Process. 

The general method of measuring with the band tape Is 
much the same as with the common chain. The chief dit- 
Terence Is due to the fact that the handle of the tape extends 
heyond the end graduation, so that it is more convenitnt 
^Or the head chalnman to hold the handle in hla left hand 
*Qd rest his left elhow on his left knee, setting the pin with 
his right hand. Another difference is in the method of 
reading fractions. It la best to read the fraction fi''"! ^H 
''^iimatUm, as with the chain, making sure of the f''l\ then 
Shifting the tape along one fool, getting an exact decimal 
I'ecord ol the fraction by means of ihe end foot graduated 
to tenths; the nearest 0.01 foot Is estimated, or in especially 
•"^flned work, read by scale. 

In railroad and similar line surveys, chaining pins are 
"sually dispensed with and the enda of the chain are indi- 
"^ated by numbered stakes. The stake marked corre- 
sponds to the pin at the starting point, and the station 
*^kea are marked thence according to the niunber of 
^W-toot unite laid off. 
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18 THE CHAIN AND TAPE. 

Perpendionlara. — Perpendiculars may be erected and 

let fall with the chain or tape by the following methods: 

(a) By the 3:4:5 method, shown in (a), Fig. 2, in whlc^ 
a triangle having sides in the ratio stated, is constructeil. 

(h) By the chord bisection method, shown in (b), Fig. i 
in which a line is passed from the bisecting point of thi 
chord to the center oC the circle, or vice versa. 

<c) By the semicircle method, shown in (c). Fig. 2, in 
which a semicircle la made to contain the required perpen, 
dicular. 

The first method corresponds to the use of tbe triangle 
In drafting. Good intersections are essential in the second 
and third methods. Results may be verified either by usinK 
another process, or by repeating the same method with the 
measurements or position reversed, as indicated in (d). 
Fig. 2. 

In locating a perpendicular from a remote point, the ratio 
method shown in (e). Fig. 2, may be used; or a careful trial 
perpendicular may be erected at a point estimated by plac- 
ing the heels squarely on line and swinging the arms to the 
front, then proving by precise method. 
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Parallela. — Parallels may be laid olf with the chain In 
variouB ways, a few of the simpler of which are: 

(a) By equal distances, as in (a). Fig. 3. In which two 
equal distances are laid oS, usually at right angles to the 
given line. 

(b> By similar triangles, as In (b) and <c). Fig. 3. The 
ratio may, of course, have any value. 

(c) By alternate angles, as In (d), Fls- 3, In which two 
equal angles are laid off In alternation. 

The first method is adapted to laying off a rectangle, as 
In staking out a building. In which case a good check Is 
found In the equality of the diagonals. Precision ol aline- 
ment Is important, especially where a line Is prolonged. 

Angles. — Angles may be determined by linear measure- 
ments In the following ways: 

(a) By the chord method, shown in (a). Pig. 4, In which 
the radius Is laid oC on the two lines forming the angle. 
and the chord measured. 

(b) The tangent method, shown In (b). Pig. 4, In which 
a perpendicular Is erected at one end of the radius, and the 
length of the perpendicular Intercepted by the two lines 



(c) The slne-coBlne method, (c), Fig. 4, which is better 
?ulted to constructing than to measuring angles. 

The chord method la usually the most satisfactory. The 
'angeut method may be applied to the bisected angle when 
its value approaches a right angle. Measurement of the 
supplementary angle alTords an excellent check. A lOO-toot 
rsliua is commonly used, although good reaulta may be had 
"1th the EO-foot tape. Careful alinement is ot the first Im- 
portance In angular measurements. 

It 1b sometimes necessary to determine angles, at least 
approximately, when no tables are at hand. Pair results 
"^^7 be bad on smooth ground by measuring the actual arc 
'track oft to a radius of 57.3 feet. 

^r very small angles, the sine, chord, arc and tangent, 
W), Pig. 4, are practically equal. Thus, sin 1° Is ,017452 and 
*>»> 1'. .017455, or either (say) .01745, or 1% per cent. Also, 
'j^ V Is .000291, or (say) .0003 (three zeros three); and, arc 
" 's .00000485. (say] .OflOOOS (Ave zeros fi^e^. 
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Iiooatlon of Point*.— Points are located In Burrerlnfc 
field practice in the following seven ways. 

(a) By rectangular coordinates, that is, \>j measuring 
the perpendicular distance from the required point to a 
given line, and the distance thence along the line lo a 
given point, flfl in (a), Fig. E. 

(b) Br focal coordinates or tie lines, that Is, by meas- 
uring the distances from the required point to two given 
points, as In (b). Fig, 5. 

(c) By polar coordinates, that Is, by measuring the angle 
between a given line and a line drawn from any given point 
of it to the required point; and also the length of this latter 
line, as In (c), Fig, 5. 

(d) By modified polar coordinates, tliat Is, by a. distance 
from one known point and a direction from another, aa In 
(d), Fig. S. 

(e) By angular Intersection, that is, by measuring the 
angles made with a given line by two other lines starting 
from given points upon It, and passing through the re- 
quired point, as In (e). Fig. 5. 

(f) By resection, tliat is, by measuring the angles made 
with each other by three lines of sight passing from the 
required point to three points, whose positions are known, 
aa In (f). Fig. 5. 

(s) By diagonal intersection, that Is, by two lines lolning 
two pairs of points so as to intersect In the required point. 
as In (8), Fig. 5. 
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In each of theee methodB, except (f), the point Is deter- 
mined by the Intersection of either two right lines, or two 
circles, or a right line and a circle. 

Methods (a) and (b) are best suited to chain surveys; 
(c) and (d) are used most In the location of railroad 
curves; (e) and (t) are emijloyed chiefiy in riTer aad ma- 
rine surveys for the location of soundings, the latter being 
commonly known as tlie "three-point problem;" the last 
method, (g). Is much used for "referencing out" transit 
points in railroad and similar construction surveys. 

Location of Objects, — The location of buildings and 
topographic objects usually involves one or more of the 
foregoing methods of locating a point. 

In Fig. G, (a), (b), (c), and (d) suggest methods of locat- 
ing a simple form, and (e) and (f) illustrate more complex 



Tie Une Snrreya. — For many purposes tie line s 
made with the chain or tape alone, are very satisfactory. 
ihe skeleton of such surveys is usually the triangle, the 
detail being filled in by the methods just outlined. Much 
lime may be saved by carefully planning the survey. A few 
typical applications of the tie line method are shown in 
ng.l. 
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RaHglnc In Xlnes. — 7'he range or flag pole la usually I 
painted witb alternate feet red and white, and tbe lawei 
end is shod or spiked. A temporary form of range pole. ' 
called a picket, is sometimes cut from a straight sapUag. 

In flagging a point, the spike of tbe pole Is placed on tbe 
tack and the pole plumbed b? holding It symmetrically be- 
tween the tips of the Angers of the two hands, tbe flagm-sn 
being squarely behind tbe pole. 

In hilly or timbered country the two land corners or ottl^W 
points between which it is desired to range in a line, x^re 
often invisible one from the other. In many cases two "in- 
termediate points C and D', (a), Fig. 8, may be found, fr ^m 
which the end points B and A, respectlTBly, are visible; so 
that aCter a. few successive linings tu, each by tbe ott'^^er, 
the true points, C and D, are found. 

Otherwise, as shown at (b). Fig. 8, a random line c^tjaj 
be run from A towards B. The trial line is chained ^Bind 
marked, the perpendicular from B located, and points ln.~Cer- 
polated on IHe true line. 

If the desired line Is occupied by a hedge or other ob- 
struction, an auxiliary parallel line may be establlshei3 In 
the adjacent road or field, after one or two trials, as In <«), 
Fig. J 



A lice may be prolonged past ac 
offsets or by equilateral triangles. 



obstacle by rectangular 




Signals. — There is little occasion for shouting in survey' 
ing field work if a proper system of sight signals la used. 
Eacli aignal sAould have but one meaotos aad ttiat a pw- 
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tect\j distinct one. Signals Indicating motion should at 
once allow clearly both the direction and amount of motion 
■leslred. Some ol the Bignale in common uee are aa follows: 
(a) "Right" or "left,"— the arm is extended distinctly in 
the desired direction and* the motion of the forearm and 
band is graduated to suit the lateral motion required. 

<b) "Up" or "down," — the arm la extended laterally and 
■"aiaed or lowered distinctly with motions to suit the magni- 
tude of the movement desired. Some levelers use the left 
'*-»"m for the "up" signal and the right for "down." 

<c) "Plumb the pole (or rod),"~if to the right, that arm 
's held vertically with hand extended and the entire body, 
arm included, ia awung distinctly to the right, or vice versa. 

(d) "All right,"— both arms are extended full length hori- 
zon! all 7 and waved vertically. 

(e) "Turning point" or "tranait point," — the arm ia swung 
slowly about the head. 

(f) "Give line,"^the flagman extends both arms upward, 
liolding the flag pole horizontally, ending with the pole in 
*ta vertical position. If a precise or tack point is meant, 
the signal is made quicker and sharper. 

(S) Numerals are usually made by counted vertical swings 
■With the arm extended laterally. A station number is 
eiven with the right hand and the plus, if any, with the 
left; or a rod reading in like manner. The successive 
conntH are separated by a momentary pause, emphasized, if 
flesired, by a alight swing with both hands. 

Stake* and Stab« Driving.- A flat stake is used to 
'*'ark the Ettationa In a line survey, and a square stake or 
^^b to mark transit atatlors, (a) and (b). Fig. 9. The 
station stake is numbered on the rear face, and the hub is 
^Unesaed by a flat guard stake driven slanting 10 inches or 
^° to the left, Fig. 9. The numerals should be bold and 
^*stinct, and mode with keel or waterproof crayon, pressed 
Into the surface of the wood. , 

Having located a point approximately with the flag pole, 
i ''"^ stake should be driven truly plumb in order that the 
1 Anal point may fall near the center of ita top. In driving 
\ ^ Stake, the axeman should watch for signals. It is better 
a ^ draw the stake by a. slanting blow than to -hammer the 
i;l 'take over after It is driven. Good atafea dr\ve« m% WAfsa. 
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PROBLEMS WITH THE CHAIN AND TAPE. 

General Statement. — Each problem Is Stated under lbs 
following beads: 

(a) Equipment. — In which are specifled the articles and in- 
struments assigned or required tor the proper performance 
ot the problem. A copy of this manual and of the 
regulation field note book, with a hard pencil to keep the 
record, form part of the equipment for every problem as- 
signed. 

(b) Problem. — In which the problem is stated In general . 
terms. The special assignments will be made by program. 

(c) Methods. — In which the methods to he used in the as — 
signed work are described more or less In detail. In som^ 
problems alternative methods are suggested, and in other^a 
tbe student Is left to devise his own. 

PROBLEM Al. LENGTH OF PACE. 

(a) Egiiipment. — (No Instrumental equipment required.) 

(b) Profiiem.— Investigate the length of pace as follows ; 
(1) the natural pace; (2) an assumed pace of 3 feet; am.<? 
(3) the effect of speed on the length of the pace. 

(c) Methodg. — (1) On an assigned course of known length 
count the paces while walking at the natural rate. Observe 
the nearest 0.1 pace in tbe fraction at the end of the course. 
Secure ten consecutive results, with no rejections, varying 
not more than 2 per cent. (2) Repeat (1) for an assumed 
3-foot pace. (3) Observe (In duplicate) time and paces for 
four or Ave rates from very slow to very fast, with pacei 
nearest 0,1 and time to nearest second. Record data and 
make reductions as In form opposite. 

PROBLEM A2. DISTANCES BY PACING. 

(a) Equipment. — (No instrumental equipment required.) 

(b) Prnblfm. — Pace the assigned distances. 

(c) Methods. — (1) Standarize the pace In duplicate on 
measured base. (2) Pace each line in duplicate, results HI 
fering not more than 2 per cent. Record and reduce aa In 
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n THE CHAIN AND TAPB. 

ROBLEM A3. AXEMAN AND FLAGMAN PRACTICE 

(n) Eguipment. — Flag pole, axe, 4 flat atakee, 1 hub, taci 

(b) Proft (em.— Practice the correct routine duties of a:»i 
r.'.an and flagman. 

(c) ilrthodg.—fl) Number three station stakes to Indict 
ixpresentatlve cases and drive them properly. (2) DHv^ 
Imb flush with ground and tack it; number a witness st^ 
and drive It properly. (3) Arrange program of signals yrl 
partner, separate 1,0(10 teet or so and practice same. < 
Signal say Ave station numbers to each other and atte 
wards compare notes. Make concise record of the (or 
going steps. 

PROBLEM A4. RANGE POLE PRACTICE. 

(a) Egaipmeiit.—i flag poles. 

)b) Problem.— Given two hubs 1,000 Zeet orso apart, Inte' 
polate a flag pole say 100 feet from one hub. remove the Ai' 
tant pole, prolong the line by successive 100-foot slgbts £tr 
note the error at distant hub. Repeat process tor 200-fo 
and 300-foot sights. 

(c) Methods. — (1) Set distant flag pole precisely behi 
hub and bold epike of pole on tack ol near hub; lying 
ground bach of near hub. line In pole 100 feet (paced) * 
tant; remove pole from distant hub, and prolong by 100-) 
sights up to distant bub, noting error to nearest 0.01 f 
(2) Repeat In reverse direction, using 200-foot sights. 
Repeat with 300-foot sights. Avoid all bias. Record 
in suitable form, describing steps concisely. 

PROBLEM A5. STANDARDIZING CHAIN OR TAI 

(a) Eguipment. — Chain or tape assigned in any p 
where standard length of chain may be of value. 

(b) Prnblem. — Determine the length of the assigne 
or tape by comparison with the oftlcia! standard ui 
conditions of actual use. 

*(c) Methods. — In standardizing tape, reproduce tl 
-' <"rtaaS use as regards letiaVon, aoppovt, e 
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FROBLBHS. 27 

one end graduation of cbain or tape to coincide with one 
standard mark, and observe fraction at the other end with 
a. scale. As a general rule, observe one more decimal place 
tban is taken in the actual chaining. 

PEOBLBM A6. DISTANCES WITH SURVEYORS' CHAIN. 

(a) Equipment. — Surveyors' chain, set of chaining pins, 2 
plumb bobe, Z flag poles, (unless Instructed otherwise). 

<b) Problem. — On an assigned chaining course about one 
□alle long measure distances with the surveyors' chain to 
tbe nearest 0.1 link, and repeat the measuretnents in the 
opposite direction. 

(c) KetfiotJ*.— (1) Standardise the chain before and atter, 

as prescribed In AS. (2) Chain along the assigned course, 

noting the distances from the starting point to the several 

intermediate points and to the end station. Observe frac- 

; tlons to the nearest 0.1 link by estimation. (3) Repeat the 

I chaining in the opposite direction, noting the distances from 

I the end point, as before. The difference between the total* 
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28 THE CHAIN AND TAPE. 

In tbe two directions should not exceed 1:3,000, Retain tlie 
same party organization throughout the problem. Record 
the data as In the prescribed Corm. 

PROBLEM A7. 



(a) B^aipmcnf.— Engineers' chain, set ol chaining pins, 2 
plumb bobs. 2 flag poles (unless Instructed otherwise.) 

(b) Problem. — On an assigned chaining course about cne 
mile long measure distances with the engineers' chain to 
the nearest 0.1 foot, and repeat the measurements In the op- 
posite direction. 

(c) mdlitids.— d) Standardize the chain before and after, 
as prescribed In AS. (2) Chain along the assigned course, 
noting tbe distances from the startiuK point to the several 
intermediate points and to the end station. Observe trac- 
tions to the nearest 0.1 foot by estimation. (3) Repeat the 
chaining In the opposite direction, noting the distances from 
tbe end point, as before. The difference between the totals 
in the two directions should not exceed 1:3,000. Retain the 
same party organization throughout the problem. Record 
tbe data as in the form opposite. 



(a) Equipment. — 100-foot steel band tape wltb end' foot 
graduated to tenths, set of chaining pins, 2 plumb boba, 2 
flag poles, (unless instructed otherwise). 

(b) Problmi. — On an assigned chaining collrse about one 
mile long measure distances with the 100-foot steel band 
tape to the nearest 0.01 foot, and repeat tbe measnrementa 
in the opposite direction. 

(c) iletlioda. — (1) Standardize beiore and after, as pre- 
scribed In A5. (2) Chain along the assigned course, noting 
the distances from the starting point to the several inter- 
mediate points and to the end station. In obserTliig the 
tractions, first determine the foot units, then estimate the 
nearest 0,1 foot, then shift tbe tape along one foot and read 

(be exact traction on the end of tbe tape, estimating the 
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30 THE CHAIN AND TAPE. 

nearest 0.01 foot. (3) Repeat the measurement In the oppo- 
site direction, noting the dlatances from the end point, as 
before. The difference between the totals In the two direc- 
tions should not exceed 1:5,000. Retain the eame part? 
organization. Record data as In form. 



(a) Equipment. — 100-foot steel tape with etched gradua- 
tions to O.Dl toot. Get of chaining pina. 2 plumb bobs, 3 flag 
poles, axe, supply of pegs, engineers' level and rod, (unleaa 
otherwise instructed), 

(b) PrMem. — Determine the horizontal distance betw..in 
two aeatgDed points on a steep elope, (1) by direct horizon' 
tat measurement, and (2) by measurement on the slope p.nd 
reduction to the horizontal. 

(c) Alrttiodn.^il) Standardize the tape for each method, 
as prescribed in A5, both before and after the day's chain- 
ing. (2) In chaining down hill, rear chainnan lines in flag 
pole in hand of head chainman. then holds tape end to tack 
on hub; fanman stands 50 feet or raorc from line opposite 
middle of tape and directs head chalnman in leveling front 
end. then supports middle point of tape under direction of 
head chalnman; head ffinlrman, with spring balance at- 
tached to tape and using pole as help to steady pull, bringH 
tension to 12 pounds; recorder plumbs down front end, and 
sets pin slanting sldewise. After checking the pin, proceed 
with the next 100 feet. In chaining vp hill, follow same 
general method, using plumb bob at rear end. In 
leveling the tape the tendency will be to get the down hill 
end too low. Chain tbe line in duplicate, retaining the same 
organization. (3) Chain the line again in duplicate, tape 
lying on the ground, pull 12 pounds, pins set plumb, frac- 
tion direct to nearest 0.01 foot. Set temporary pegs flush 
with ground every 100 feet and also at intermediate sudden 
changes of slope, for levels. Determine differenceB of eleva- 
tion between successive pegs, unless the leveling data are 
supplied to the party. Record data and make reductiona 
Mud comparisons as In form. 
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tt THE CHAIN AND TAPE. 

PROBLEM AlO. ANGLES OF A TRIANGLE WITH TAPE. 

(a) BqnipmeHt. — lOO-foot steel tape. EO-foot metallic tape, 
set of cbainlng pina, 2 plumb bobs, 2 Dag poles, five-place 
tables of trigonometric functionB (each member of party ' 
to have tables). 

(b) frobfrni.— Measure the angles of an aBBigned triangle 
with the steel tape and also with the metallic tape, the error 
ot closure not to exceed 3 minutes. 

(c) ifflflodg,— -(I) Measure each angle with the Steel tape 
by both the chord and tangent methods, 100-Ioot radius, 
the difference in the two results not to exceed 2 minutes. 
If the angle Is near 90°, the tangent method may be applied 
to the bisected angle. (2) After securing satisfactory check 
on an angle with the steel tape, malte a rapid but careful 
measurement with the metallic tape, radius SO feet. The 
results may be talien to the nearest half minute. (3) Meas- 
ure at least one angle, preferably on smooth ground, by lay- 
ing out an arc with radius of 57.3 feet, setting pina every 
few feet, and measuring the actual arc. Give close attention 
to alinement throughout. Record data and make reductions 
as in form on preceding page. 



PROBLEM All. SURVEY OF FIELD WITH 3TBEL TAPE. 

(a) i'fliiipjHfHf.— lOO-foot steel tape, set of cbalaing pins, 
2 plumb hobs, 4 flag poles, five-place table ot functions. 

(b) Profi (r?H.— Make survey of an assigned field with tape, 
collecting all data required for plotting the field and calcu- 
lating its area by the "perpendicular," "three-Bide," and 
"angle" methods. 

(c) Methods.— (1) Standardize the tape once. (2) Examine 
the Held carefully and plan the survey. (3) Measure the re- 
quired angles with tape. (4) Locate the perpendiculars. 
(5) Chain all neccaaary lines, and also take distances to 
feet of perpendiculars. Follow form, 

PROBLEM A12. AREA OF FIELD BY PERPENDICULAR 
METHOD. 

fa) fiffuipmeMt— Five- place table of logarithms. 
CftJ J^oMem— Calculate the area ot Vnc ^ 
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34 THE CHAIN AND TAPE. 

tbe perpendicular metliod, using the data collected In 
Problem All, 

(c) ileth(}di.—{l) Prepare form for calculation; transcribe 
data, and oaretuUj' verity transcrlpL (2) Calculate double 
areas of Lbe several triangles by contracted multiplication, 
perpendicular method, presei'vlng a consistent degree of 
precision. (3) Make the same calculations with logarithms, 
as a checlc. (4) Combine the verified results, as shown in 
form. 



(a) Egrdpment. — Five-place table o( i<%arltbms. 

lb) Probletti. — Calculate the area of the assigned Odd by 
the three-side method, using data collected in All. 

(r.) Methods.— W Prepare form for calculation; tran- 
er.Tibe data, and carefully verify transcript. (2) Calculate 
the areas of the several triangles by logarithms, three-side 
method, preserving proper units in the results. (!) 
Carefully review the calculations, and combine the veriSed 
results, as in the form opposite. 

PROBLEM A14, AREA OF FIELD BT ANGLH METTHOa 

(i.^ Egulpmriit. — Five-place table of logarithms. 

(b) Proft fun .—Calculate the area of the assigned field by 
the "two sides and Included angle" method, using the dst;& 
collected In All. 

(c) Jlletltods. — (1) Prepare form, transcribe data, and ver- 
ify copy. (2) Calculate the double areas ol the several tri- 
angles by contracted multiplication, angle method, presei-^v- 
fng consistent accurai'y .!■ results. (3) Make same calcnlcii- 
tions by lOKBrithms, as a check. (4) Combine the checfci^^ 
results. Follow the form opposite. 

PROBLEM A15. AREA OF FIELD FROM PLAT. 

(a) Egiiipmciit. — Drafting instruments, paper, etc., p*^ 
ni'oieter, (aa assigned). 

(b) Problem. — Determine the area of the assigned 0-^' 
directly from the plat. 
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36 THE CHAIN AND TAPE 

(c) Metlirids. — (1) Make an accurate plat ol the field from 
the notes secured In All, usirg a preecrlbed scale. (2) De- 
termine the area of the field by resolving the polygon into 
an equivalent triangle. (3) Determine the area from the 
plat by the polar planimeter and by one of the following 
"home-made" planimeters: "bird shot" planimeter, "jack 
knife" planimeter, cross-Bection paper, parallel strip, weigh- 
ing, etc. <4) Prepare on the plat a tabulated comparison of 
results secured by the several methods. (5) Finiah the plat, 
as required. 

PROBLEM A16. SURVEY OF FIELD WITH CURVED 
BOUNDARY. 

(a) Eqiiipineiit.—lW-loot tape, 50-(oot metallic tape, set of 
chaining pins, 2 plumb bobs, 4 flag poiee. 

(b) Problem. — Make survey with tape of an assigned tract 
having a curved boundary, collecting all data required for 
plotting the field and calculating its area. 

(c) ilelliiirls.—(l) Standardize the tape once to nearest 0.01 
foot. (2) Examine the tract carefully and plan the survey 
HO as to secure a simple layout of base lines designed to give 
short offsets to the curved boundaries. (3) Ijjcate the per- 
pendiculars, if any, and chain all lines; on the curved sides, 
take offsets so as to secure a definite location, and as a rule 
take equal intervals on the same line. Follow the form 
opposite. 

PROBLEM An. AREA OF FIELD WITH CURVED 
BOUNDARY. 

(a) Eijiii/iiH «■"(.— (No instrumental equipment required). 

(b) ProWrm.— Calculate the area of the assigned field with 
curved boundary by "Simpson's one-third rule", using the 
data collected in Problem A16. 

(c) Metlmis.— H) Prepare form for calculation; tranacrlbd 
data In convenient form for calculation, and carefully check 
copy. (2) Calculate the area of the polygon formed by the 
base lines, preferably by the perpendicular method. (3) 

Calculate tlie areas of the curved figures by "SimpsoD'B one' 
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38 THE CHAIN AND TAPE 

third rule," which Is as follows: "Divide the baee line into 
an even number of equal parts and erect ordinates at the 
points of division; then add together the first «nd last.ordl- 
nates, twice the sum of all the other odd ordlnates, and 
four times the sum of all the even ordlnates; multiply the 
Bum by one-third of the common distance between ordl- 
nates." (The field notes might have been taken with special 
reference to the rule, but it is better to tahe from the notes 
the largest evm numher of equal scKments, assuming the re- 
maining portion to be a trapezoid or triangle.) (4) Give 
signs to the several results by reference to the field sketch, 
and combine them algebraically to get the net area, as 
shown in the accompanying form. 

PROBLEM A18. AREA OF FIELD WITH CURVED 
BOUNDARY FROM PUIT. 

(a) ^TMipine'it.— Drafting instruments, paper, etc., pla- 
nlmeter (as assigned). 

(b) Problem.— Determine the area of the field Witll Carved 
boundary directly rrom the plat. 

(c) Sfethods. — (1) Make an accurate plat of the Held from 
the notes obtained in AI6. using a prescribed scale. (2> 
Determine its area directly from plat by two methods men- 
tioned in (3) of A1&. otlier than those used in that problem. 
(3) Prepare on the plat a tabulated comparison of the re- 
sults by the several methods. (4) Finish the plat, as re- 
quired. 

PROBLEM A19 PASSING AN OBSTACLE WITH TAPE. 

(a) Eqiilpmeiit. —lOMoot steel tape, set of chaining pins. 
plumb bobs, 4 flag poles. 

(b) Pro 6/cm.— Prolong an assigned line through an as- 
sumed obstacle by one method and prove by another, finally 
checking on a precise point previously established. 

(c) Methnds.—Glven two hubs. A and B, 200 feet apart, 
prolong line and establish C 200 feet from B: (1) by con- 
structing a 200-foot square in one direction; and (2)1 by lay- 
ing off a 200-foot equilateral triangle on the opposite aide, 
asin^plna to mark points thus established. (3) Prolong tbe 
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40 THE CHAIN AND TAPE. 

line by each method to the hub D, 200 feet from C, and 
record discrepancies In line. (4) Interpolate a point at C 
on true line between B and D, and note errors of pralonga- 
tion at C. Record as In form. 

PROBLEM A20. OBSTRUCTED DISTANCE WITH TAPE. 

(a) Equipment.— lOO-toat steel tape, set of chaining plna, 
2 plumb bobs, 4 flag poles. 

do Problem. — Determine the distance between two as- 
signed points through an assumed obBtructlon to both vis- 
Ion and measurement, using two independent methods, and 
finally chain the actual distance. 

(c) Methods.— {V) Standardize the tape. (2) Determine 
the distance between the assigned points by constructing a 
itne parallel to the given line, and equal or bearing a 
known relation to it. (3) Secure a second result by running 
a random line from one hub past the other so that a per- 
pendicular leaa than 100 feet long may be let fall, measur- 
ing the two sides and calculating the hypothenuse. (4) 
After securing two resnlta differing by not more than 
1:1,000, chain the actual distance. Folldw form. 

PROBLEM A21. RUNNING IN CURVE WITH TAPE. 

(a) E-jHipnieHf.— 100- foot steel tape, 50-foot meUlllc tape, 
set of chaining pins. 2 plumb bobs, 3 hubs, 6 flat stakee, 
marking crayon, tacks, flve-place table of functions. 

(bj FroJilem. — Lay out two lines making an aastgned 
angle with each other, and connect them with a prescribed 
curve by the "chord offset" method. 

(c) Met1i(ids.—(1) Calculate the radius, R, for the given 
drijree nf curve, D. (2) Calculate the tartijettt distanee, T. tot 
the given radius, R, and angJe of iHterseefion, I. (S) Calcu- 
late the rhord nffsi-t. d. and tanijent nffnet. t, for the known 
radiv, F, rlinrH, e, and Hem-ee, D. (4) At the given point 
Interaection (P. I.), A, lay off the given angle, I, by the 
chord method. (5) From the P. I. lay off T along the two 
tangent lines and locate point tangent (P. T,) and point 
curve (P. C). aetting huba at P. C, and P. T., with guard 
etakp at each hub. (6) Run In the twt^e.Vs c\\ttTd offsets. 
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43 THE CHAIN AND TAPE. 

beeinnlag at P. C. and checking at P. T, CalUng P. C. 
Station 0, eatabllBb Station 1 by iaying oS tangent offset, t, 
and cbord. c. Having one station on the curve, tbe next id 
located by prolonging tlie chord and forming an isosceiea 
triangle having the chord olTaet as a. baee. Check on the 
P. T., noting the discrepancy of distance and iine. Also 
estabiish the tangent again by tangent offset and observe . 
the error oC line. Follow form. 

PROBLEM A22. DISCUSSION OF EHtRORS OF CHAINING. 

(a) Equipment. — (No instrumental equipment, unless j 
further data are desired, in which ease Problems A6, A7 and ' 
AS may be assigned again). 

(b) Pro Wnn.— Investigate the errors of linear measure- ! 
raent with the several kinds of chains and tape, with the J 
view to determine practical working tests or coeflicienta I 
of precision for actual use. I 

(c) .ifciJinds,— Assume that the conditions In Problems | 
A6, AT and A8 are practically constant In the same problem. 
and that the actual differences between observed lengtha 

of the several segments when chained In opposite direc- 
tions, represent the normal errors with the particular chairs 
and chainmen; then tabulate; (1) themeasured lengths of aVI 
possible segments of the chaining course, either from direct "t 
observation or by subtraction; (2) the actual errors or dl^^' 
terences between the two results, giving signs; (3) tt»-8 
chaining ratios, l:d, and the decimal eipressions of tt»- e 
same to six places; (4) the "coefficients of precision" fc:^r 
each case, calculated by formula, or more quickly, tak^^* 
from the diagram in the chapter on errors of surveying; (^) 
the mean decimal chaining ratio and its equivalent; and (6) 
the mean coefficient of precision. Follow the prescrib^^ 

PROBLEM A23. TESTING (OR ESTABLISHING) AN Oe"' 
FICIAL- STANDARD OF LENGTH. 

(a) Bfli/fpm en (.—Standard tape (with certlfled lengtl* 
given), turnbuckle adjustments with bolts, spring balanc^' 
standard steel rule graduated to O.Oi \nc\i. ^ \.\ierca<ameter0- 
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2 microscopes, atrlpe o( wood, a watch. 

(b) Problem. — Make a series of ten obeerTatlons with a' 
standardized steel tape for the purpose of teBtlng (or estab- 
lishing) an oBlclal standard of length, observing the near- 
est 0.0001 foot. 

(c) Methods.— (It a neio official standard la being estab- 
lished, one standard mark may be made permanent, and the 
precise distance taken to an approximate temporary point 
on the otiier bolt, the exact correction being applied after 
a sufficient number of results have been obtained. If the 
sun ie shining, the tape should be protected by a wooden 
box or other covering throughout its length. Cloudy days 
or night time give best results. The observations should be 
made briskly so as to have slight range of temperature. 
If isolated standard monuments are used, their foundation 
should go below frost line, and the monuments should be 
located so as to suffer as little as possible from heaving. If 
the standard marks are indoors, the conditions are less 
difficult to control). 

(1) Arrange "bucheaw" or tumbuckle adjustments, each 
held firmly by a twit dropped into a piece of gasplpe driven 
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flush with aurfftce of ground, with spring balance and tapa | 
lined up. aa shown In aketch in accompanying form; place 
the two thermometerB at the one-third points as nearly as 
possible under the actual conditions of the tape. (2) Witli 
four men in party. No. 1 seta eild graduation precisely at 
one standard mark by means of screw adjustments and mi- 
croscope; No. 2 sets balance at 12 pounds; No. 3 observes 
fraction at other standard mark by means of eteei acal« 
graduated to 0.01 inch, estimating to nearest 0.001 inch (sa7 
0.0001 foot) by microscope; and No. 4 records all data, ob- 
serves time to nearest minute, and temperature to nearest 
0.1 degree. Nob. 1, 2 and 3 should lie flat. Release the ten- 
sion between observations. Rocord and T-educe as in forcn- 

PEOBLEM A24. DETERMINATION OF CONSTANTS OF 
A STEEL TAPE. 

(a) Equipment.— Steel tape and other articles named *" 
preceding problem. 

(b) Pnibtrm. — Determine coefficients of expansion a.*i^ 
stretch of the assigned tape. 

■ (0) .Ifcl/iods.— {See Problem E9.) 

PROBLEM A25. MAKING A STANDARD WIRE TAP:^ 

(a) Equiitmrnt. — Spring balance, thermometoi', etc., as '" 
A23, and a piece of piano or other suitable steel wlr^- 

(b) Priiblnn. — Make a lOO^foot or otiier standard tape '*'' 
graduating the wire with reference to the official stands- *"''■ 

(C) i/rf7i'H?s.— (To be devised by the student.) 

PROBLEM A26. COMPARISON OF DIFFERENT MAK^^S 
AND TYPES OF CHAINS AND TAPES. 

(a) F,qiifpme«t. — Department equipment and collection *" 
catalogs oC representative instrument makers. I 

(b) I'mMem. — Make a critical comparison Of the sev*'™ 
types of chains and tapes made by different makers. J 

fc) J/rtindx. — Study the different catalogs and prepare ' j 
■jyatematic and concise report. ' 
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Seaerlptlonu — The magnetic compass consists of a line of 
light attached to a graduated circular box. st the ceiit>ir of 
trhich le a magnetic needle supported on a steel pivot The 
compass box ia attached to a tripod or jacoh staff by a ball 
and socket Joint, and Is leveled by means of the plate levels. 
ThQ needle should be strongly magnetized and have an 
agate cap to receive the point ol the hardened steel pivot. 
The dip of the needle Is counter-balanced by a small coll of 
irire, which can be shifted as desired. The E and W points 
are reversed. 

In Fig. 10 are shown the usual types of magnetic com- 
passes: (a) the vernier compass; (b) the plain compass; (c) 
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the vernier Docket compass wltb loldlng slghtB; (A) the 
ordiDsry pocket compaBs; (e) the prismatic compaae. 

DeolimAtton of tlie Keedle. — If the needle Is allowed t< 
swing freely. Its magnetic axis will come to rest In tt 
magnetic meridian. The horizontal angle between the mat 
netic meridian and the true meridian at any point Is call© 
tlie magnetic deelination for that point. Imaginary lin< 
Joining points on the earth's surface baring the Bam 
declination are called isogenic iincs. The Isogenic line joii 
Ing the points ot zero declination Is called the atonic Hn 
Fig. 12 is an Isogonic chart of the entire earth's Eurfaee. C 
the three agonic lines on the earth's surface, one pass£ 
through Michigan, Ohio, etc. 




Diagram of Secular Variation of the 
MAQNETIC DECLINATION IN UNITED STATES. 
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48 THE COMPASS. I 

ot Fig. 11 lor a series of representative points in the United I 
States. This diagram shows that the extreme range or ^ ( 
awing of the needle is roughly 6° or 7°, and that the period 
of time between extreme positions is about a century and a- 
half. Also that tiie wave of magnetic influence progresses 
B the continent alike in successive cycles. At preser**. 
western position at Eafit- 
ern pointing at San Dieg*::*. 
)w passes through weator^^i 
d at the rate of about -4' 
is Eencral throughout tl'^^i-C 
and is represented by ttr^e 
in the upper diagram ^C3' 



(1900) the 
port, Me. 

The 3' East iso^nlc line 



5 raovinR 

This rate of change 

irt of the United State 

sections of the curve 



Indiana. 

per year, 
central pi 
straight 
Fig. 11. 

The daily variation of the magnetic declination la shovfc 
graphically in the lower part of Fig. II, the scale beic; 
greatly magnified laterally. It is seen that the needle u " 
dergoes each day a vibration similar in a general way to tlrr 
grand swing of three centuries or so shown In the upl^ 
diagram. The magnitude of the daily movement in nor^ 
ern United States ranges from E' In winter to nea' ly ^ 
In summer time. The needle is In Its mean daily posill_ 
between 10 and 11 a. m. for all seasons. The diagram r^ 
resents the normal magnetic day, of which there tre p ■ 
haps 5ve or Sis per month. 

Local Attraction .—The nolntlng of the needle is 
tected by the close proximity of magnetic substances. 
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USE OP THE COMPASS. 49 

as Iron ore, wire fences, railroad rails, etc. However, local 
attraction does not prevent correct work, provided back 
and fore eights are taken without change oF magnetic condi- 
tions. It is therefore especially important to avoid disturb- 
ances of the needle by the chain, axe, passing vehicles, elec- 
tric wiree, etc., or by articles on the person ol the observer, 
such as keys, knife, spectacle frame, wire in the hat rim, 
i-eading glass case, etc. Also the glass cover may become 
electrified by friction and attract the needle, in which case 
it may be discharged with the moistened finger, or by 
breathing on it. 

The Vender. — The vernier is an auxiliary scale used 
to read fractional parts of the divisions of the main scale or 
limb. Verniers are retrograde or direct, according as thG 
divisions on the vernier are larger or smaller than those on 
the limb. The vernier used on compasses for the setting off 
of the declination is direct, and is usually of the type shown 
In (c) of Fig. 13. In reading a vernier of any kind, blunders 
may he avoided by first estimating the traction by eye be- 
fore noting the matched lines on the two scales. 

USE OF THE COMPASS. 

Use. — The compass Is used: (I) to determine the bear- 
ings of lines; (2) to measure the angle formed by two lines; 
(3) to retrace old lines. The bearing of a line is the hori- 
zontal angle between the line and a meridian through one 
end of it. .Bearings are measured from the north or south 
point 90° each way. The angle between two lines is the 
difference in their directions as indicated by the bearings. 
tlaving tlie true bearings of one siiie of a polygon, the true 
bearings of the others may be obtained by algebraic addi- 
tion of the angles; or by using the declination vernier so as 
to read the true bearing direct on the fore sights. 

Praotioal Hinta. — Point the north end of the compass 
aox along the line and read the north end of the needle. 
Protect the pivot from neeflless wear by turning the needle 
in about the proper direction before releasing it. Always 
Uft the needle before disturbing the compass. Habitually 
obtain duplicate needle readings on each sighting. Read 
tie needle by estimation to the nearest five minutes, that 
te, to the one-sixth part of one-Via\t flesteft, ^\i\t\i \^ 'Co.* 
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Dflual BubdiviBion ot the compass box. Care sbould be taken 
to avoid parallax In reading the needle. 

ADJUSTMENTS AND TESTS. 
Elementary Lines. — The eJenmntarj/ lines of the compam, 

shown In (a) of Fig. 10, are: (1) the line of Bight; (2) the 
vertical axis; (3) the plate level lines. 

The maker should see: (1) that the peedle Is ertrongly 
magnetized; (2) ttiat the magnetic axia corresponds wit4i 
the line joining the two ends; (3) that the metal In the com- 
pass box Is non-magnetic; (4) that the line of sights passes 
through the ceater of graduation; (5) that the plates are 
perpendicular to the vertical axis; (6) that the zero ot the 
vernier coincides -with the line of sights. 

The needle may be magnetized with a bar magnet or by 
putting it Into the magnetic field of a dynamo. Tbe'metal 
of the compass box may be tested by reading the needle, 
then moving the vernier and noting if the needle has moved 
the same amount, this process being repeated at Intervals 
around the full circle. 

The Prinoiple of Reversion. — In adjusting surveying 
inst: uments, the presence, direction and amount of the er- 
ror are made evident by the method of reeeriiims which 
doubles the apparent error. It there is no difference after 
reversion, there Is no error. 

Plate Iievela. — To make the plane of the plate level lines 
perpcHilkiilar to the verti(^l axis. — Level up the Instrument 
by means of the plate levels and reverse the compass box 
In azimuth, that Is, turn It through a horizontal angle of 
180°. Correct one-half the error, if any, by means ot the 
adjuHting screws at the end of the level tube, and bring the 
bubble to the center by the ball and socket Joint The rea- 
sons for this process are shown in (a) of Fig. 13. 

Slghta. — To make the plane of siglits normal In the plane of 
the plate level !(hcs.— With one sight removed and the instru- 
ment leveled, range In with the remaining sight two points 
as far apart vertically as possible, say on the side of a build- 
ing. Reverse in azimuth and bring the bottom ot the sight 
In range with tlie lower point; it the upper point Is then in 
range, the sight Is in adjustment. If not, correct one-halt 
the error by putting paper under one side, or by filing oS 
£&« otber side. -Rep'iat process for tha other sight 
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The PtTot. — To adjMt the pivot to thr cfiiter of Ihe ijradu- 
ated circle. — Set the south end of the needle to read zero, and 
read the north end of the needle; reverse the compusa box 
in azimuth, repeat the observations, and carre<;t one-half 
the difference between the two readings of the north end 
of the needle by bending the pivot, using the special wrench 
for the purpose. Turn the compass box 90° und repeat. 
See (b), Fig. 13. 

The Needle. — To straighten the needle. — Having adjusted 
the pivot, set the north end of the needle to read zero and 
bend the needle so that the south end reads zero also. Turn 
the compass box and test for other graduations. 



PROBLEMS WITH THE COMPASS, 



PROBLEM Bl. 
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(b) Prnblem. — At a point on the true meridian determinft 
the mean magnetic declination with the surveyors' compass. 

fc) Methods.^ll) Set the compass over one point and B, 
flag polfc fit another on the true meridian. (2) Lower the 
needle and sight at the flag pole carefully with the north 
end ol the compass box to the front. (3) "When the vibra- 
tions o( the needle have cesiwd, move the vernier by means 
of the tangent screw so that the north end ot the needle 
reads zero, and check the sighting of the compass. (4) 
Read the declination on the vernier to the nearest minute. 
(6) Lift the needle, verify the zero needle reading and the 
sighting, read the vernier and record; repeat the process 
until ten satisfactory consecutive values of the declination 
are obtained. Observe the time of each reading to the near- 
est minute. (6) Correct the mean of the ten values for 
daily variation by reference to the diagram, Fig. 11, using 
the mean time. Record and reduce the data as In form. 
(Note that the values in the form were obtained by estimat- 
ing the nearest five minutes. Which is better? Try both 
If time allows.) 



PROBLEM B2. ANGLES OF TRIANGLE WITH COMPASS. 

(a) Equipment. — Surveyors' compass, two flag poles, read- 
ing glass. 

(b) Pr'''''.fm, — Measure the angles of a given triangle with 
the surveyors' compass. 

(c) 3/clftods.— (1) Set the compass over one otthe vertices 
of the triangle and a flag pole behind each of tlte other two. 
(2) Lower the needle and sight at one of the flag poles care- 
fully, witn the north end of the box to the front (3) When 
the vibrations have ceased, re.id the north end ot the needle 
to the nearest live minutes by estimation. (4) Lift the 
needle, verify the sighting and also the reading. (5) Turn 
the compass box to the other point and determine the bear- 
ing, as before. The required angle is the difference between - 
the two bearings. (6) Measure the other two angles in like * 
manner. The error o( closure must not exceed 6 mlButea 
Pullow tho prescribed form. 
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PROBLEM B3. TRAVERSE OF FIELD WITH COMPASa 

(a) EqjiipmtHt. — Surveyors' compass, 2 flag poles, engi- 
neers' chain, set of chaining pins. 

(b) Pruhlrm. — Determine the bearings of the sides of an 
asslKned field with the surveyors' compass and measure the 
lengths of tbe aides with an engineers' chain. 

(o) Sfcthodx. — (1) Set the compass over one of the comera 
of the fleld which la free from local attraction, and set off 
the declination with the vernier. (2) Take back sight on 
the last point to the left and fore eight to the nest point 
to the right, following the methoda used In Problem B2. 
(3) Repeat tois process tor tte remaining corners of the 
polygon taken in succesBion to the right. (4) Chain [he 
sides Of the field to the nearest 0.1 foot by estimation. (5) 
Compare the chain with standard. (6) Prom the Observed 
bearings compute the interior angles of the tleld, and the 
true bearings of the sides. The angular error of closure 
must not exceed 10 minutes for a flve-sided field. Record 
and reduce data as in prescribed form. 

PROBLEM B4. AREA OF FIELD WITH COMPASS 

(a) /?TT'ifiiiirH(.— Five-place tabJe of logarithms. 

(b) I'rnblan. — Compiite the arf-a of the assigned Held by 
means of latitudes and departures. 
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(c) J/rtftods.— (1) Prepare forms for calculation; tran- 
scribe data, and carefully verify copy. (2) Compute lati- 
tudes and departures by contracted multiplication, preserv- 
ar resaUs to the nearest 0.1 toot. (.3^ M&Vl« th.Q same cal- 



PROBLEMS. 











■ Googlf 



B6 THE COMPASS. 

cuIatioDS by logarithms, as a check. (4) Determine the ac- 
tual iinear error of closure. (E) Determine the permissible 
error of closure (see chapter on errors of surveying). (S) 
If consistent, distribute the errors in proportion to the sev- 
eral latitudes and departures, respectively, repeating the 
additions as a check. (7) Transcribe field notes and ad- 
justed latitudes and departures, and verify transcript. (8) 
Caicuiate the meridian distances o[ the several stations and 
lines. (9) Calculate the latitude coordinates. (10) Calcu- 
late the partial trapezoidal areas by multiplying the merid- 
ian distances of the lines by the respective latitudes, pre- 
serving consistent accuracy, and observing algebraic Blgns. 
(11) Determine the area by taking the algebraic sum of the 
partial areas. Reduce to acres, and correct for standard. 
Follow prescribed form. (12) Make plat of field, using total 
rectangular co-ordinates, and checking by polar. 

PROBI.EM B3. ADJUSTMENT OF THE COMPASS. 

(a) F.qiijpmriil — Surveyors' compass, adjusting pin, small 
screw driver. 

(b) Problem. — Make the necessary tests and adjustmcDts 
of the surveyors' compass. 

(c) Mrthiiila. — Observe the following program: (1) teat 
the magnetism of the needle; (2) test the metal of the com- 
pass bos; (3) test and adjust the p'ate levels; (4) test the 
sighls; (5) test the pivot; (6) test the needle. 



(a) F.qiiiimieiil. — Department equipment, catalogs of rep- 
resentative makers of compasses. 

(b) Priihlnii. — Make a critical comparison of the several 
types of compasses. 

(fi) -Ufrt'rrfs. — Examine the department equipment and 
study the several catalogs carefully, noting the character- 
istic features, prices, etc. The following Items, at least, 
should be included In the tabulated report: name of Instm- 
ment. length of needle, length of alidade, vernier, tripod. 
weight, price, etc. 
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DeBoriptioii. — Thfi engineer.s' level c 
Bight attached to a bubble vial and a vertical axLs. Two 
types of level, the wye and dumpy. Fig. H, are used by engl- 
□eei's. In tbe former the telescope rests in T-shaped sup- 
ports, from which it may be removed. In the dumpy level 
the telescope is fixed. The dumpy is a favorite with Brltiati 
and the wye level with American engineers. The t' 
differ chiefly in the methods of adjustment. A third type. 
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not ebown In the cuts, is called tbe level of precision be* 
cauae of ita use solely for work of extreme refinement. 

In Fig. 15 are shown; (a) an architects' or builders' level 
of the wye type; fb) a rondbuildfira level of tbe dumpy 
type; (c) a reconnaisaanre level with 3 decimal scale toi 
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reading borlKontal distances direct; (d) a. water level some- 
tlmeg used in locating contours; Ce) a Locke hand level; (f) 
a clinometer; (g] a binocular hand level. 

THE TELESCOPE. 

Prludples. — Tbe telescope used in the engineers' level 
and transit, abowa In section In Pig. 16 and 22, coaslata 
of an objective or vhjrrt gliixs which colleota the light and 
forma an image In tbe plane of tbe cross-hairs, and aa ocular 
■or FyepU'ce which magnifies tbe image and crosa-halrs. The 
croas-hairs are thus at tbe common focus of the objective 
and eyepiece. The principle oC this type of telescope, both 
optically and mechanically, may be illustrated by the photo- 
graphic camera if cross lines be ruled on the ground glass 
focusing plate and a microscope be used in viewing the 
image formed by the lena. Telescopes of the above class are 
called measuring telescopes, while those of the opera glara 
type are termed sfdug telescopes. The latter have no real 
image formed between the object glass and eyepiece. 

Xilae of OolUmatlon. — Tbe telescope of the level or tran- 

Mt may be represented by a line, called the line of comma- 
fe wbkb Joins tJie optical center o! rte obiacUva and the 
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If} Tivo-Peg Test. 
Fig. 16. 
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jntersectfon of tbe croBB-halra. The optical center la a point 
such that a ray ot light passing through It emerges (roni 
the lens parallel to Its original direction. The line of colU- 
matlon Is Independent ot the eyepiece. 

Objective.— Tbe objective is a double convex or plano- 
convex lens. In all good telescopes the objective Is com- 
pound, that Is, made up of two lenses, with tbe view to cor- 
rect two serloua optical defects to which a simple lens is 
subject. These defects are called c/iromalfc at>rrratiiin and 
Kphrriral oberrati'in. 

Clii-oiiiiitlr abrrratiiiH Is the separation, by tbe objective. of 
white light Into Its component colors. A lens which JE tree 
from this defect is called acfiromatle. A telescope is tested 
for the chromatic defect by focusing on a bright oblwt, such 
as a piece of paper with the sun shining on It, and noting " 
the colors on the edge ot the object and especially at the • 
edge ot the flpld ot view aa the focus is slightly deranged. 
Yellow and purple are the characteristic colors Indicating ' 
good qualities In the lens. 

t-'l/lirrlral {ihirniti'ni ia a defect which prevails to a eerlouB ■ 
extent in a simple lens having spherlcai surfaces. It is due ' 
to a difference in the focal distance for different concentric ; 
or annular spaces of Ihe objective, so that the plane of focus 
for rays passing through the outer edges of the lens Is dif- 
ferent from that of the middle portion. A telescope is test- 
pd for this defect by focusing on a well defined object, such 
HB a printed page, with the rays of light cut oft alternately 
from the middle and tbe edge of the lens. This is best done 
by means of a circular piece ot paper with a small round 
hole in it. 

As a rule, the object glass in good levels and transits con- 
sists of a double convex lens of crown glass fitted to a con- 
cavo-convex or a. piano-concave lens of flint glass, the 
former to the front. The defects described above are avoid- 
ed through the different dispersive and refractive powers ot 
the two kinds of glass, and by grinding the surfacea of the 
two lenses to the proper curvatures. 

Eyepiece.— As in the camera, the image formed by the 
objective is inverted, so that If a simple microscope bo used 
as an eyepiece, the observer sees objects inverted. Such 
an eyepiece is commonly used on the dumpy level, as sbown 
in Fig. 14, This form of eyepiece consists ot two piano- 
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<^onvex lenses with their convex sides facing each other. 
The form ot eyepiece most used la American instruiaents is 
the erecting eyepiece in which two plano-convex leneos re- 
place each of the two in the simpler torm. The (Electing 
i eyepiece is much longer than the simple one, us may be 
seen at a glance in Fig. 14. While the simple eyepiece causes 
a little confusion at first, owing to the inversion of objects, 
it ia much superior to the erecting eyepiece in the matter of 
cleamesB and iUumlnatdon. 

The chief inherent defect In the eyepiece is a Inrk of 
flatness of the field. A BinKle lens usually causes a distor- 
tion or curving of straight llnee in the Image, especially to- 
wards the edge of the Geld. A telescope is tested for this 
defect by observing a series of parallel right lines, prefer- 
ably a series of concentric squares, which fill the entire field 
of view. 

In the beet achromatic eyepieces, one or more of the sep- 
3.rate lenses may be compounded, tne curvatures being such 
as to eliminate the color defect and give rectilinear qualities 
to the lens or combination of lenses. 

Definition. — The definition of a telescope depends vpon 
■the finish and also the accuracy of the grinding of the 
■euryed surfaces of the lenses. It may be tested by reading 
*^h© time on a watch or a finely printed page at some dia- 
"t^nco from the instrument. 

IXlainlnatlon. — Illumination and definition are apt to 
•^s confused. Poor definition causes indefinite details, while 
poor illumination causes faintness in the image. The latter 
raay be tested about dusk, or In a room which can be grad- 
ually darkened^ and can be best appreciated if two telescopes 
*^t ditTerent illuminating qualities be compared. 

Apertnre of Objective. — The aperture or effective di- 

*tt>eter of the objective is determined by moving the end of 

* Pencil slowly Into the field and noting the point where it 

firat appears to the eye when held say S or 10 inches back 

trom the eyepiece. The process should be repealed in the 

reverse order. The annular space is deducted from the 

actual diameter to obtain the real aperture. 

SiiB of Field.— The field of the telescope is determined by 

I Botlng the angle between the extreme rays of light which 

I enter the elTectlve aperture of the objective. With the tran- 

I ■ ^tteleecope. the limiting points may be mavViei oti i."tt% *S&« 
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of a building and tlie angle measured directly with tte 
plates; or witb dther level or tnmslt the angle mar be ai- 
culated from the measured spread In a given distance For 
simplicity, a. distance of 57.3 feet may be taken, and the re- 
eult reduced to minutes. 

Magitffying Power.— The magnifying power ot a tele- 
scope 19 expressed In diameters, or as the multlpUcatlou of 
linear dimension. It is determined moat readily by mnhing 
an observation with both eyes open, one loohlng througli 
the telescope and the other by natural vision. The com' 
pariEon may be made by means of a leveling rod, or the 
courses of brick oi weather-boarding on the side of a house 
may be used in like manner. 

ParaIlaz.^Para.llB]C is the apparent nrnv-ement of the 
cross-hairs on the ob]ect with a slight movement of the eye. 
and Is due to imperfect focusing o' the eyepiece on the 
cross-halre before focu&ing the ohjet.lve. The eyepiece 
should be focused tcith the eye norma}, the cross-hairs brfng 
illuminated by holding the note hook page or Oither vbl^ 
object a tew inches in front of the objective. 




Fig. 17. 

CroBi-Hairi.— The cross-hairs are attached to a ring o*" 

reticule which is held by two pairs of capstan headed screws. 
The hairs usually consist of spider linee, although some 
makers use platinum wires for the purpose. To remove the 
reticule the eyepdece is taken out, one pair of screws is re- 
moved and a sharpened stick is Inserted in a screw hole. The 
best spider lines are obtained from the spider's egg nest 

In Fig. 17, (a) shows the usual arrangement of the crogg- 
halr ring and the method of attaching the hairs; (b) showB 
the number and positions o( hairs used. (1) being the moBt 
common, (2) the form for stadia work with the transit and 
also for estimating the lengths of sights with the level, (S) 
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afonn naed by some makers w'th the level, and (4) a atyle 
tonnd In BngliBh Icels; (c) hhC'va the e^ pod or case ot 
the large brown spider (about halt size) which yields the 
iieat lines for engineering Instruments; (d) Illustrates a 
convenient ve»t pocket outfit for replacing crOBS-liaIrs In 
the field, consisting of a supply of spider lines and some 
adherive paper (bank note repair paper) each In a capsule 
or tin tube, and several sharpened sticks for stretching the 
hairs. Cross-hairs stretched in this manner may last indell- 
nitely, or they may be fastened on permanently with shel- 
lac at the first opportunity. 

THE BUBBLE VIAL. 

Prlnelple. — The spirit level consists of a sealed glass 
tube nearly filled with ether or other liquid, and bPDt or 
ground so that the action of gravity on the liquid may indi- 
cate a level line by means of the bubble. The delicacy of the 
hobble depends upon the radius of the curvature in a verti- 
cal plane, the greater the radius the more delicate the level. 
Thus, tor erample, a perfectly straight tube could not be 
used as a level. 

Cmratiire of Bubble Vials.— Oood bubble vials are now 
made by grinding or polishing the interior eurfaeo of a se- 
lected glass tube by revolution, aa Indicated In exaggerated 
form at (a) Pig. 18. Aa a general rule, only one side Of the 
'lal i8 actually used, It being customary to encaae ft In a 
^J^s tube having a slot or race on one aide. However. 
^th Bides of the vial may be utilized, as In (b) and (c). Fig. 
■'■8, which show the rfi-cratuii Irrcl adapted to the transit and 
*Je level, respectively. Bubble vials of several sizes are 
shown in (d). Fig. 18. It was formerly customary to grind 
"^it only a. portion of the upper side of the glass tube, as 
^hown at (e). The cheap vial, consisting merely of a bent 
'•^be, used mostly In carpenters' and masons' levels, is 
*^own at (f) ; and a method of Increasing the precision of 
'*»e bent tube by tilting it la indicated at (g) Fig. IS. 

Oelleaoy.— -The delicacy of the bubble vial is designated 
^ther by the radius, usually in feet, or by the central angle 
!*i seconds corresponding to one division or one Inch of the 
^bble scale. Two methods are employed to determine the 
'*«llcacy of level vials, (1) by the opUcaLl nwAtoa, aa aH. ^^i^ 
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18, where the radlua Is calculated from an observed tar- 
at a given distance for an observed bubble 
movement, tbe two triansles being similar; and (2) by the 
level tester, as at (1), by means of which the angular move- 
ment Is read from the micrometer head for a given move- 
ment of the bubble. The engineer usually employs the radial 
designation, while the maker expresses the delicacy In an- 
gular units. Ab shown at {h) and (I), Fig. 18, the radius in 
feet is equal to 17,189 divided by seconds per inch of bubble. 



3. f^JTvffro^^and. 




BnbbU I.lne.— The relations of the bubble to tha otI>^ 
parts of the instrument are best understood by representii* 
the vial by a line. This line may be either the axis of tl"^* 
surtace ot revolution in (a). Fig. IS, or to provide tor eitb^ 
of the three forms of vial shown, it may be taken as tt*-' 
tangent line at the middle or top point. This tangent lii»* 
rf!i be meant hereafter in reterrtng to UieVo.\iM« Un«, 



LEVELING RODS. 




LEVELING RODS. 

1?»p«».— There are two classes or types oC leveling rods; 
L) target rode, having a. Eliding target which is brought 
'to the line of sight by signals Trom the levoler; and (2) 
'it-reading or speaking rods which are read directly by the 
>veler. 

In Fig. 19, (a) is the Philadelphia rod; (b) the New York 
'**'!; and (c) the Boston rod. The first is either a target 
'^ Bell-reading rod; the second is a. target rod, but may be 
'ead trom the Instrument when the rod is "short"; the Bos- 
ton rod is strictly a target rod. The Hiiladelpbia rod is 
mrhapa the favorite for most purposes, and the Boston rod 
^ Med least A folding seif-reading rod 1b atio-wtt a.\, Vjft. 
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Fig. 19; (e) Is a woven pocket device which may be tackei 
to a strip of wood and ueed aa a leveling rod; (f) la a r^l 
road contouring rod with an adjustable base; (g) ia a plaii 
rod graduated to feet, for use with the water level. 

Tapget*.— The largeta shown on the Philadelphia an 
New York rods, (a) and (b), Fig. 19, are called quadras 
targets. That on the Boston rod, (c), Is a modified form c 
the diamond target. A Epeclal form, called tho corner tai 
get, Is bent to tit two sides of the rod to assist In pluml 
lug It. and another target has two parallel planes f( 
the same purpose. A detachable rod level Is shown at (h 
The target on rod (b). with the zero of the vernier 0.09 foi 
below the center of the target, frequently causes blunder 

USE OF THE LEVEL. 

U»e. — The engineers' level Is used: (1) to determine dl 
(erences or elevation; (2) to make profile surveys; (3) 
locate contours: (4) to establish grade lines; (5) to cros 
section; (6) to run lines. 

DlfferenttBl LeveUnE- — DlCCerentlal leveling consisi 
of finding the difference of elevation between two or moi 
points. In the simplest case the difference of elevation bi 
tween two points may be found from a single setting ( 
the level, the leveling rod being used to determine tt 
vertical distance from the plane of the instrument to eac 
of the two points, and the difference between the rod rea( 
ings taken. When the distance between the two points 
too great, either vertically or horizontally, or both, to ai 
mit of this simple process, two or more settings of the lev 
are taken so as fo secure a connected series of rod reai 
ings, the algebraic sum of which gives the desired diffe 
ence of elevation. This difference may be expressed elthi 
by the numerical result of the algebraic sum of the r( 
readings, or by assuming an elevation for the beglnnir 
point and calculating the elevation of tbe closing point 1 
means of the observed rod readings. 

A bark sight is a rod reading taken to determine the liei« 
of the instruinent. A fore sight is a rod reading taken to d 
termine (fte lirl<iht of a point. A 6ejic7i mark la a Twlnt a 
lected or estalilished for permanfiit reference In levelii 
operations. A tnriilng point is a teraporarii reference pol 
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uaed in moving the Instrument atiead to a new setting. Thi 
same point ie olten both a turning point and beacli mark. 
The datum 1b the plane or surface of reference trom which 
the elevations are reckoned; it may be sea level, or an arbi- 
trary local datum. A Icrcl line Is a line parallel to the sur- 
face o( A smooth body of water. A borizoiital line Is tangent 
(o a level line at any point The curvature varies as the 
square of the distance from the point of tangeucy, and Is 
0.001 foot In 204 feet, or S Inches in one mile. 




Iq Fig. 19, (i) shows a metal and also a wooden peg com- 
monly used for turning' points. Several forms of bench 
marlcs are shown in Fig. 19; (j) is a mark on the corner 
<*' a stone water-table; (k) a rivet leaded into a hole 
drtlled in a stone slab, (1) a railroad spike diiven into a 
*ooden post or telegraph pole; (m) a projection cut on the 
'oot of a tree, preferably with a spike driven vertically into 
the top of the bench, and usually with a blaze above 
"Wrlied "B. M. No.—." All bench marks and also turning 
Mints should be clearly described in the notas, 

Pig. 19a shows the essential details of differential level- 
•"«■ In practice the calculations are made mentally. 
Two chief essentials in correct dItferenUal leiaWtv?, ^x*. 
(1) that the iublilc 'm- in exactly the same poalUnw (,wwi-- 
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&II7 tbe middle) o» bi>tk back and fore gight; and (2) tha i 

the Iriiffth tif baft nitrlit and fore sight, horlEontally, sAalJ^KJ 
6b balaiiml. It iH seen at (e), Fig. 16, that with the bubble^^ 
always in the middle, the line of colliraatlon generates 1*- mi 

hiirizimtol pliine when In perfect adjustment, but a cone witi .^s 

uj-ix Tfi-titvl when out of adjustment; so that In takln^^Bg 
equal distances in the opposite directions, the base of th^ _e 
f'liM'j Is used, thia ba£e lieiiig parallel to the true coillmfi ^_i- 
tion plane. In the best leveling practice the instru -^ j- 
mriit is adjiihtfd as prrfirtli) OS possible and then used BO thii* — ml 
the iTxidiml errors bnltiiirc each other. 

The three common styles of leveling rods may be read t:^M-~to 

0.001 foot by vernier or by estimation on a scale of O.Ot MS 

fooL However, tor most kinds of leveling, it Is an absuczz^vd 
refinement to read the rod closer than 0,01 foot, eBpeciall — Ij 
with tiie usual maximum length of sight of 350 to 400 f 'J ', 

and with the more or less sluggish bubbles supplied In t^Eaa 
general run of leveling instruments. Furthermore, t^^Eie . 
horizontal hair usually covers 0.01 foot or so of the targ^- et 
at the maximum length of sight, that is, the target can mo — ^e 
that amount without being noticed by the obaerver. | 

Profile Iievellne-— Profit e leveling consiata of flndl^dj' I 
the relative elevations of a series of representative ^oic^ts j 
along a surveyed line, for the purpose of constxuctlng a p»."<i- /. 
file or vertical section. The skeleton ot profile leveling, tt».al I 
is, the precise bench marks and turning points with 'KJLt f^, 
successive heights o£ instrument, is identical with dWter^n- f^ 
tial leveling, already described. Having determined tie fjj 
height of instrument by taking a back sight on a bencli t^i 
mark of known or assumed elevation, rod readings a" li- 
taken at proper intervals along the measured and staK^ 
line. These readings are fore sights, but they are nsualT 
termed inlcrmriliiHc sii/hts to distinguish them from tie 
more precise rod readings taken on turning points aM >H: 
bench marks. On railroad surveys intermediate sights ftT* 
taken usiLally to the nearest 0.1 toot on the ground; but i" 
other cases, such as tile and sewer surveys, intermediates 
are often read to the nearest 0,01 foot on small pegs driven 
beside the station stakes flush with the surface ot the 
ground. In railroad work, the benches, turning points. 
and intermediates of special importance are commonly re** _ 
to 0.01 foot, although some eng\n.eere -peTaV*. ta «ie qa*" I*' 
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tionable practice of taking the nearest 0.001. In drainage 
surveys tbe nearest 0.01 loot Is usually taken on bench 
marks, although more carefully than on the intermediate 
peg points, and the nearest 0.1 foot la read on ground points. 
The errors of profile leveling are balanced on turning 
points by equal back and fore sights, as in differential lev- 
eling. If the instrument is seriously out of adjustment, an 
error is made in the case of odd- bench marks with unbal- 
anced sights, and also on all intermediate sights. However, 
the error is usually unimportant when ground readings are 
taken to the nearest 0.1 foot. In important leveling, such 
as canal and drainage work, it is customary to run a line of 
check levels to prove benches, before construction begins. 
The proBle Is plotted to an exaggerated scale vertically 
on a special paper, called profile paper. Three kinds, known 
as plates A, B and C, are in general use. The most common 
ia plate A, which is ruled in ^-ineh squares with a further 
subdivision to 1-20 inch vertically. In railroad profiles the 
scales most used are 400 feet to the inch horizontally and 
20 feet vertically. A still greater exaggeration Is generally 
used in drainage profiles. 

Reolprooal Leveling. — The application of dllTerential 
leveling to the determination of the diderence of elevation 
between two bench marks separated by a wide river or gorge 
' i termed reciprocal leveling. A setting of the level is 
taken on each side of the river, and the mean of the two re- 
sults Is taken. The necessary unbalancing of distances In 
one setting la balanced up In the other. Each back or fore 
sight should be the mean of a series of careful observations. 
In beet practice, simultaneous readings are taken with two 
levels. 

Contour Leveling. — Contour leveling is an applicaUon 
of the methods of profile leveling to the location of contour 
lines, that Is, lines having the same elevation. Two methods 
Me employed: either (1) actually establishing point.f on 
adopted contour planes on the ground and then locat- 
ing these po4nts; or (2) taking random elevations at rep- 
■wentatlve points and interpolating the cont-jur lines from 
tile plotted data. The latter is the more common. The 
*liiet purpose of contour leveling is to make a contour map, 
and the process Is essentially a part oC toBogra^hte&ij.'c\«3- 
^^ !"«> vhere It win be more fully considered. 
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Orade Lines.— The establish ment Of grade lines Is usu- 
ally the coneliiding part of profile leveling. After making 
the profile, the grade line is fgtabliahed by strdtchlng a fine 
thread through the ruling points, taking into account tb* 
controlling conditions, sni'h as maximnm gradient or earth- 
work quantities on a railroad profile, the carrying capacity 
or the scour in the rase of a ditch, etc. After laying t^^* 
grade line on the profile, notes are made of the data, a.T^^ 
tie actual grade line is established. Two methods are use^^- 
(1) the height of instrument is determined as usual, a:*^* 
stakes are driven at meaeiired intervals with their tops '■" 
mati'h calvulnted rod readings; and (2) a limited numt^*' *' 
of ruling points are established by the first method "^ 

otherwise, and the remaining stakes are "shot in" by ci^ "' 
strutting a line parallel to the ruling line Vised. The latt:::^— *^ 
is more rapid, since a constant rod reading is used; hO" "*' 
ever, the method is nnreliable .unless the fore sight *" 

rhecked frequently on a fixed target 

Cross-SectioniDK.^Cr OSS -sectioning consists of staki^^*'^ 
out the limits of the transverse section of an excavation °' 

enilianknient for the purjioae of construction, and usual— —*" 
Includrs the collection of data for the calculation of t^^'; 
quantities. This may be done either with the engineen^-^*' 
level, rod and tape line, or with special rods called cro^^^^' 
section rods. The notrs are t^ken as rectangular coor^^Sdi- 
n.itps, usually with reference to the center <rf the flnish^^ ^^ 
roadiif'd. The .slope slakes are set where the side slope lin^ —^^ 
pierce the surface of the ground. 

Rnnnintc lines. — Lines are snmetimea run with the exz- /■' 
glnecrs' level, provision being made in most good levels fi^ °' 
the attachment of a plumb bob. A line may be prolonge^^*'' 
by siKliting In two points ahead. A clamp and tange^^^"' 
movement are necijsary. Rome builders' levels have ^ 

needle and also a roughly divided horizontal circle for u— lu '^^ 
ill Kliikiiigout buildings. 

Practical Hints.— The following practical auggestioc^^^ 
apply more or less directly to all kinds of leveling, and al^^^" 
in a general sense to transit work. 

R;im/.— Cultivate the habit of briskness in all the d^^" 
tails of the work. While undue haste lowers the standar — ^ 
of the results, an effort should be made to grain spe^ ^ 
steadily without sacrificing ^vetiaion. aal-a. tliao tor ttm- * 
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more important details hy tnovlnE rapidly from point to 
point. On rapid surveys both leveler and rodman olten move 
In a trot. Neither rodman nor leveler should delay the 
other needlessly. 

Core of Instruments. — Do not carry the level on the shoul- 
der in climbing fences. Clamp the telescope slightly when 
hanging down. Kee>p the tripod legs at the proper tight- 
ness, and avoid looseness in the tripod shoes. Avoid undue 
exposure to the elements, and guard the level from Injury. 
Do not leave the instrument standing on the tripod in a 
roam over night. 

Selting Up. — In choosing a place to set the level up, con- 
aider visibility and elevation of back point and probable 
tore sight. Set up vrith plates about level. On side-hill 
ground place one leg up hill. In general, place two tripod 
shCKS parallel to the general line of the levels. 

Lereliiig Up. — A pair of foot screws should be shifted to 
the general direction of the baclt or fore sight before level- 
ing up. Set the foot screws up just to a, snug bearing and 
no tighter. If either pair of screws binds, loosen the other 
pair a little. The bubble moves with the left thumb. Level 
ip more precisely in the direction of the sight than trans- 
verse to It, but do not neglect the latter. Inspect the bubble 
squarely to avoid parallax, and also to prevent such blun* 
ders as reading the bubble five spaces off center. 

Oluervatifms. — Adjust the eyepiece for parallax with the 

«ye unstrained. It is much easier on the eyes to observe 

With both eyes open. Read at the intersection of the cross- 

l^airB, since the horizontal hair may be inclined. Set the 

target approximately, check the bubble, and repeat the pro- 

•^ess several times before approving the sight. Be certain 

that the bubble is exactly in the middle at the instant Of 

approving the target. It the level has horizontal stadia 

j lines, beware ot reading the wrong hair (Che reticule may t)e 

I rotated one-quarter so as to have the extra hairs vertical, 

I Or a filament may be attached to the middle horizontal hair 

1 to assist In identifying it). Avoid disturbance of the tripod 

■ V stepping about the instrument. Assist the rodman in 

M Slumbing tie rod. Let signals be perfectly definite both as 

)■ to direction and amount, using the left hand for "up" and 

^B the light for "down", or vice versa. 

^1 The Jerefer can work much more inteWigenU-s \t \ifeV.-CiWW* 
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the space covered on the rod by one divieioa of the bubble 
scale at the maximum leogth of sight, and also the spacs 
on the rod hidden by the cross-hair. 

Adi«stiiK'iit'<. — Keep the instrument In good adjaetinent 
and theo use it as though It were out of adjustment. 

Balancing Sights. — Balance the length of ba-ik sight and 
fore sight, and record the approximate distances. The dis- 
tances In the two directions may be made equal roughly M 
equality of focus, but it is better on careful work to pace 
the distances or determiae them by means of the stadia 
lines In the level. If necessary to unbalance the sights- 
they should be balanced up at the first opportunity, and i-^ 
general they should be in balance when closing on import- 
ant benches. When leveling up or down steep slopes, fol' 
low a zigzag course to avoid short sights. Take no sigUts 
longer than 350 or 400 feet, 

LrirUiiff RmI. — The rod should be carefully plumbed, *** 
accomplish which the rodman should stand squaraly behlOfi 
the rod and support it symmetrically between the tips ot 
the extended fin^TS of "■? two hands. In precise worfc 
wave the rod to and fro towards the> observer and taK^ 
the minimum reading of the target. With "short" rods- 
avoid the somewhat common blunder of 0.09 loot when the 
vernier slot is below the center of the target With "long" 
rods, see that the target has not slipped from its tree set- 
ting before reading the rod. Read the rod at least twice, 
and avoid blunders of 1 foot, 0.1 foot, etc, Caraless rodmen 
sometimes invert the rod. Each rod reading on tumiag 
points and bench marks should, when practicable, be read 
independently by both rodman and leveler. 

Briifh Mails and Turning Poinfc— Wooden pegs or other 
substantial points should be used to turn the instrument 
on. Select bench marks with reference to ease of Identiflca- 
tion, the balancing of sights, freedom from disturbance, etc. 
As a rule, each bench mark should be used as a turning 
point so that the final closure of the circuit may prove the 
bench, Ma.rk the benches and turning points and describe 
them in the notes so plainly that a stranger may readily 
find them. Green rodmen sometimes hammer at turning 
point pegs with the rod. When leveling near a still body 
of water, its surface may be used to save time and check the 

.(xwlc 
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Record and Calculations. — Describe bench marks and turn- 
ing points clearljr. It is good practice to apply algebraic 
signs to tbe back and fore sight rod readings. Tbe eleva- 
tions should be calculated as fast as the rod readings are 
taken, and calculations on turning points should be made 
Independentlj' by leveler and rodman, and results compared 
at each point. The rodman may keep turning point notes 
In tie form of a single column. The calculations should be 
further verified by adding up the columns of back sights 
and tore sights for each circuit, or page, or day's work, and 
the algebraic sum of the two compared with the difference 
between the initial and last calculated elevation. 

£rror of CIosiii-p.—A. circuit of levels run with a good 
level by careful men, observing all tbe foregoing pre- 
cautions, should check within 0.05 foot into the square 
of the length of the circuit in miles (equivalent to 0.007 toot 
'nto the square root of the length of the circuit in I00-foo1 
stations.) In closing a circuit, the error should be 
Cully determined, as above indicated, and the value of the 
coefficient of precision found. (See discussion of erro 
leveling and precision diagrams In the chapter on err< 
surveying.) 

ADJUSTMENT OF THE WYE LEVEL. 

XUmentary Iiinea. — The principal elementary lines of 
the wye level, as shown In Fig. 16, are: (T.) the line of col- 
^liuation; (2) the bubble line; (3) the vertical axis. For 
*he purpose of adjustment there should be added to these: 
(4) the axis of the rings; (5) the bottom element of the 
f'nga. The following relations should exist between these 
lines; (a) the line of coUimation and bubble line Ehould be 
parallel; (b) the bubble line should be perpendicular to the 
vertical axis. Tbe first of these relations involves two 
atepa, viz., (1) to make the bubble line parallel to the bot- 
tom element of the rings, and (2) to make the tine of col- 
Umation coincide with the axis of the rings. The other 
relation involves the wye adjustment, and is similar to the 
plate level adjustment described in the chapter on the com- 
pass. 

Bubble.— T'o viakc tlir bubble Wu: parallel to. the bottom 
element of the rliiys.— Two steps are Sn"jti\"je4, (,'b.\ \n -^VbMb 
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the bubble line in the same ptone witb the bottom element, 
and (b) to make tlie two lines paralJel. 

Aximvth Screws.— To make the btibble Hue in the same plane 
with the bottom element of the rings. — Clamp the level over a 
pair of loot screws, looeea the wye clips, aad level up; ro' 
tate the telescope through a small angle, and it the bubble 
moves away from the middle, bring It bacli by meana of the 
aaimuth adjusting screws. Test by rotating in the opposite 
direction. Leave the screws snug. 

Altitude Screws. — ro make the bubble line and the bottom eie- 
ment of the rings parallel. — Make the element level 
with tlie toot screws and bring the bubble to the middle by 
means of the altitude adjusting screws. The element la 
made level by the method of revereiona as follows: With 
the level clamped over a. pair of foot screws, as above, lift 
the clips and level up precisely; cautiously lift the tele- 
scope out of the wyes, turn It end tor end, and very gently 
replace it in the wyes; it tlie bubble movea, bring it halt 
way back by means of the fcfli srcews. Before disturbing 
adjusting' screws malte several reversals, and conclude the 
adjustment with screws snug. This end for end reversal 
is similar to that made with the carpenter's level, the 
straight edge of the level corresponding to the element of 
the rings. The lines involved are shown in Fig. 16. 

Line of Collimation. — To mn1;e the line of colUmation 
mlnride Kith the tt-cis of the rinps.— Loosen clips, sight on a 
point, say a nail head or the level target, more distant than 
the longest sight used in leveling; rotate the telescope half 
way and note the movement of the hair, it any. The line 
ot collimation generates a cone, the axis of which is that 
of the rings, and the apex ot which is at the optical center 
ol the objective. Correct one-half the observed error by 
means ot the capstan headed screws which hold the cross- 
hair ring. Gradually perfect the adjustment until the in- 
tersection of the cross-hairs remains fixed on the same 
point when revprsed by rotation with reference to ^ther 
hair. The adjustment should be concluded with the screws 
at snug hearing. 

After collimating the instrument for a long distance, the 
adjustment should be checked tor a short distance, say 60 
or 100 teet. so as to test the motion of the optical cent« 
'f the objective. 
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Blnea. — The theory of the tejic. Jtrel demands perfect equality 
of the rings, that is, tlie parallelism of tlie axis aii(t element, 
as in (c), Fig. 16.' Should tlie rings be unequal, either Irom 
poor workmanship or uneven wear in service, they form a 
none Instead of a cylinder, and the axis is not parallel to the 
element, as in (d), Fig. 16. Under the latter conditions, the 
principle oC the wye level tails, and an independent test is 
demanded. This is known as the two-peg test, the de- 
tails of which are shown in (e) and (f). Fig. 16, and de- 
scribed in the adjustments of the dumpy level. If, after 
making the wye level adjustments above described, the two- 
peg test shows that the Hue of collLmation and bubble line 
are not parallel, the rings are probably unequal and the in- 
strument should thereafter be adjusted as a dumpy level. 
However, hasty conclusions should be guarded against. 

la case the instrument has a reversion level, shown 
at (c), Fig. 18, the equality of the rings may be tested by 
first adjusting the top tangent line of the bubble vial par- 
allel to the bottom element of the rings, and then after ro- 
tating the telescope half way round in tho wyes, compare 
the bottom (now above) tangent line of tho vial with the 
top (now below) element of the rings, all by the end for 
end reversion. However, the exact parallelism of the top 
and bottom tangent lines of the reversion level should first 
be proven by tho two-peg method. 

Wye*. — To make buhMe line perpendicular to the ■vertical 
axis. — Make the vertical axis vertical and bring the biihble to 
the middle by means of the wye mits. The vertical axis is 
made vertical by reversion thus; With clips pinned, level 
up; reverse over the same pair of screws, and bring the 
bubble half way back with the foot screws. When adjusted, 
the bubble will remain in the middle during a complete rev- 
olution. This adjustment is identical in principle with the 
plate level adjustment of the compass and transit, illus- 
trated in (a), Fig. 13. The wye adjustment should follow 
the adjustment of the bubble line parallel to the element 
' ot the rings. The wye adjustment Is a convenience, not 
a Decesslty. 

Centering the Eyepiece. — After coliimating the level, 
the croBS-halre should appear in the center of the field. The 
eyepiece is centered by moving its ring held by four screws. 
This adjustment is desirable, but nc>t essftnUal. 



v_'.oo^lc 



76 THE LBVBL. 

ADJUSTMENT OF THE DUMPY LE^TEL. 

Elementarr Line*. — The principal elementaiy line 

the dumpy level are Idtjtlcal with those of the wye 1» 
(1) the line of collimation; (2) the bubble line; (3) the 
tical asls. As In the wye level, the bubble line shoul 
(1) perpendicular to the vertical axis, and (2) parall< 
the line of collimation. However, owing to the differ 
In the construction of the two typ°s of Instrument, 
auxiliary elementary lines are not recognized in the du 
level. The transit with its attached level is identic! 
principle with the dampy level. 

Bnbble.^ — To make the bvhhlc line perpendicular to tlte 
tical axis. — Make the vrrlicat axis rerlienl by the mcthi 
reversions, and adjust the bubble to the middle. This ad 
ment is idemtlcal in principle with the plate level ad 
ment, shown in (a). Fig. IS. The bubble should rema: 
the middle through a complete revolution. 

Iiine of Collim»tion. — To make the line of coltim 
parallel to the huhhle line, — Construct a level line, and a 
the cross-hairs to agree ifith it. The level line is detern 
either by using the surface of a pond of water, or by 
ing two pegs at equal distances in opposite directions 
the instrument, and taking careful rod readings on i 
with the bubble precisely in the midd;e, as shown at 
Fig. 16. For simplicity, the two pegs may be driven ti 
same level, or two spiltes may be diriven at the same 
in the sides of two fence posts, say 400 feet apart. O 
wise, determine the precise difference of elevation, aa 
cated in (e). Fig. 16. Then set the level almost over oi 
the pegs, level up, and as in the first method of (f). Fij 
set the target of the leveling rod at the line of col lima 
as indicated by the center of the object glass or eyej 
(this can be done more precisely than most levels wii 
the target at 400 feet distance); now with the rod or 
other peg, sight at the target (shifted to allow for th( 
ference If the two pegs are not on the same level); a^ 
the cross-hair to the level line so constructed. If prete 
the second method shown in (f). Fig. 16, may be used 
level is set back of one peg. rod readings are taken on 
pegs, allowance made for the difference in levsl of the 
pegs. It any, the Inelinatloa ol tlie Une ot pr.\\\TOB.y,(Mi. ^ 
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nrined, correction made tor the small triangle from the 

level to the first peg, and finally the level line conrtmcted 
by means ot the calculated rod readings. The second 
method is simplified and made practically equivalent to the 
first by setting the level at minimum focusing distance Crom 
the first peg. The small corrective triangle Is thus practi- 
cally eliminated. Strictly speaking the rod readings should 
be corrected lor the earth's curvature (0.001 foot In about 
200 feet, or say O.O04 foot In 400 feet distance). However, 
the effect of curvature is reduced by atmospheric refrac- 
tion; and with errors of observation, sluggishness of bub- 
ble, etc., to contend with, the curvature correction should be 
feoored, especially when the rod Is read to the nearest 0.01 
foot. , 

<The foregoing process Is known as the "two-peg ad- 
justment". Although exceedingly simple, this adjustment 
is commonly regarded as a "bug-bear" by many American 
engineers. But for It, the dumpy level would have the ex- 
tended use In this country which it merits. It is said that 
"tie wye level Is easy to adjust and usually needs adjust- 
ment." Many good levelers employ the "two-peg test" to 
prove the wye level adjustments. Time may be saved by 
establishing an adjusting base. The adjustments of a good 
dumpy level are very stable.) 

TTprlglitB.^In some dumpy levels the uprights which 
connect tbe telescope with the level bar are adjustable, 
atmilar to the wyes of the wye level. This adjustment Is 
designed to bring the bubble line perpendicular to the ver- 
tical axis In case the bubble is first adjusted parallel to the 
line of colUmation. However, the best order is that already 
described, viz., first adjust the bubble line perpendicular 
to the vertical axis, and then the line of colljmation par- 
allel to the bubble line. In which case the adjustable up- 
rights are unnecessary. 

PROBLEMS WITH THE LEVEL. 

PHOBLEM CI. DIFFERENTIAL LEVELING WITH THE 

HAND LEVEL (OR WATER LEVEL.) 

fa) Eipfipment.— Hand level (or water level), rod gradn- 

"^ to feet. 

(^y froblem.—Ran an assigned level cVtctt\t-w\"Cti\S«\i«sA. 
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level (or -water level), observing the nearest 0.1 foot by es- 
timatlon, and closing tack on the starting point. 

(c) Metltods.~(l) Determine the correct position of the 
bubble or the hand level by sighting along a water table, 
or sill course of a building, or by the principles of the two- 
peg test. (If the water level Is used, fill the tube so as to 
have a good expoeiire of the colored water in the glass up- 
rights.) (2) Take sights of 100 feet or so (paced), estimat- 
ing the rod reading to the nearest 0.1 foot; balance back 
and tore sights; assume the elevation of the starting point, 
and keep the notes In a single co:umn by addition and sub- 
traction, as in the Tth column, Fig. 19a. (3) Check back on 
the first point Determine coefficient of precision. 

PROBLEM C2, DIFFERENTIAL LEVELING WITH EN- 
GINEERS' LEVEL (OR TRANSIT WITH ATTACHED 
LEVEL). 

(a) Equipment. — Engineers' level (or transit with attached 
level), leveling rod, hatchet, pegs, spikes. 

(b) ProbJnn.~R\tn the assigned level circuit, observing 
the nearest 0.01 foot, and closing back on the initial point. 

(c) Methvds.—FoUow the practical suggastions given at 
the conclusion of the "Use of the Level," giving special at- 
tention to the following points; (1) eliminate parallax of 
Whe eyepiece; (2) balance back and fore sight distances; (3) 
have the bubble precisely in the middle at the- instant of 
sighting; (4) both rodiaan and leveler read each rod and 
also make the calculations independently; (B) calculate ele- 
vations as rapidly as rod readings are obtained; (6) plumb . 
the rod; (7) avoid blunders; (8) determine coef(leient of 
precision; (9) no sights longer than 350 or 400 foeL Fol- 
low the first form shown to begin with, — the otier att«r 
several circuits have been run. 

PROBLEM C3. PROFILE LEVELING FOR A DRiVIN. 

(a) Equipment. — Engineers' leveling instrument, leveling 
rod, 100-toot steel tape, stake;!, pegs, axe. 

(b) Priihiem. — Make a survey, plat and profile, with eati,-^ 
mate of cuts and quantities for a drain under assigned cOek^ 

. ditlons. 
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in THE LEVEL. 

(c) Melhodg.—{l) Bxamioe the ground, determine 
head and outlet of tbe drain, and select tlie general re 
(2) Stake out the line, eet stakes every 50 feet, or ofti 
H required to get a good profile, and drive a sround 
flush, say 2 feet to the right (or left) of each stake; re- 
data tor mapping tbe line. (3) Starting with tbe assit 
datum or bench mark, run levels over the line of the 
posed drain, observing the nearest 0.01 foot both on tun 
points and ground pegs, tbe former somewhat more c 
fully; take rough gi-ound levels, as required, to the net 
0.1 foot; locate and determine the depth of intersec 
drains or pipe lines, or other objects which may Influ 
the grade line of the drain, and secure full data for pla 
the same on tbe proflle; observe due care with the back 




fore sights, as in differential leveling, and conclude 
leveling work with a line of check levels back to the In 
bench m[i"k; a permauent bench mark should be establi: 
at each end of tbe drain, and if the length is conaiderj 
at one or more intermediate points as well. (4) Make 
and profile of the drain line; lay the grade line, taking 
account all ruling points; calculate the cuts, both to 
neareS't 0.01 foot, and also to the nearest ^-inch; mark 
latter on the stakes for the Information of the ditcher, u 
waterproof keel and plain numerals; make estimate of 
Quantity of drain pipe, and of tbe cost of the job. Fo 
tiff accompaaylng fonns. 
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PROBLEM C*. RAILROAD PROFILE LBVELINO. ' 

{a) Equipment.— Ejiginwra' leveling instrument, leveling 
rod, 100-foot steel tape, stakes, axe. 

(b) Problem.— Rna levels over a short section ol Hk 
staked out after tbe manner of railroad surveys, for tie 
puri>ose ot constructing a profile. 

{c) Methods. — Follow the general process outlined in tie 
preceding problem, taking rod readings to the nearest t.Ol 
foot on turning points and bench marks, and also on im- 
portant proflllng points, when consistent; but take ground 
rod readings only to the nearest 0.1 toot In. calculating 
elevations, preserve the same degree of eiactaess In tbe re- 
sult as observed in the rod reading, that Is, when the rod 
readings are taken to the nearest 0.1 foot, use only the 
nearest 0.1 foot in the height of instrument to determine 
the elevations. "When a hub or station stake Is to be used 
as a turning point, the notes should show the ground w* 
and elevation to the nearest 0.1 foot on the line preceding 
tbe precise turning point record. Bench marks should he 
selected with reference to their freedom from disturbance 
during construction, and they should be located not morB 
than 1500 or 2000 feet apart along the line. Check levels if 
the same parties should not differ more than 0.05 foot Into 
the square loot of the length of circuit in miles. Back and 
fore sights should be balanced, and no sight longer tlao 
350 or <00 feet should bo taken. In order to secure a repre- 
sentative profile, ground rods should be taken not only *' 
every station stake, but a'so at every important changa o' 
slope between station points. Pluses may be determined 
either by pacing, or when short, by means of the leveling 
rod. The rodman should keep a record of the turning 
points. The notes should be checked and the other Baf*" 
guards taken, as outlined In the practical hints under tbe 
"Use of the Level." Bottoms of deep gullies may be taken 
by means of the hand level, or with the engineers' level 
used like the hand level; or a "long" rod of 17 feet or more 
may b^ obtained by holding tbe 12-foot rod 6 feet or more 
from the ground. 

The proftle Is best plotted by having another person read 
off the data. The horizontal scale on railroad profiles l> 
usually 'iOO feet to the Inch and tbe vertical scale 20 feet W 
the Inch. Gradients are eipressei to ttie vavest O.Ot per 
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cent It Is usual to give the allnement noteB and prominent 

topogn^plir, as shown. 

(The complete series ot steps Involved In railroad and 
Bimllar leveling for location and construction purpo8<e is: 
(1) setting the station stakes; (3) running the levels; (3) 
making the profile; (4) laying the grade line on profile; & 
calculating vertical curves; (6) cross-eectionlng for eartli- 
work; (7) calculating earthwork quantities; (8) setting 
grade etakes.) 

PROBLEM C5. VERTICAL CURVE. 

(a) Equipment. — Drafting instruments, profile paper. 

(h) Problem. — Connect two grade lines by a paralwUc 
curve, as assigned. 

(c) 3letltods.—{l) Plot the given grade lines, station num- 
bers, etc., on a sheet of profile paper. (2) Find the grade 
angle, 1. e. the algebraic differeuce of the two rates of 
grade. (3) Determine the length of the vertical curve br 
dividing the grade angle hy the assigned or adopted change 
o( grade per station (notice the analogy to simple circular 
curves), (4) Calculate the apex correction. (5) DetermlM 
the corrections at the several station or fractional stations 
(as aeslgned), and tabulate the stations and elevations. (^) 
Plot the vertical curve from the data ao determined, as in 
the example. (7) Also compute and plot the same curve by 
the method -of chord gradients. 

PROBLEM Ce. ESTABLISHING A GRADE LINE. 

(a) Equipment. — Leveling instrument, leveling rod, tse 
pole, ICO-foot steel tape, stakes, axe, 

(b) fr(i6/em,— Establish an assigned grade line, (1) by 
measured distances and calculate rod readings, and (2) by 
"sbooting in" the same line, for comparison. 

(c) 3/eifiods,— (1) Stake off the distance between mllnS 
points, and drive stakes to the required grade, or If deaira- 
ble, parallel to it, by dividing up the fall In proportion to 
the distance. (2) Set the level over one rullug point and 
determine the height from the point to the line of colilma- 
tion by means of the leveling rod; set the flag pole behind 
Oie other ruling point and establish a target, consUting of ■ 
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libber band holdine a strip of paper wrapped about the 
Die at a heiglit equal to the rod leadliig; having thus cun- 
ructed a line parallel to the desired grade line, direct the 
ilescope on the fore sight target, and witli the fame rod 
lading, "sboot In" the Eame stakes. Make careful record 
! data and com[iar8tlve results. 

L ^■-"- -.Gooj 



» THE LCv^. 

PROBLEM C7. SKTTINQ SLOPE STAKES. 

(a) E7tt(fwien(.— Leveling Instrument, self-reading level _ 
iDg rod 50-faot metallic tape, stakes, axe, marking crayouH 
(Or, Instead of leveling Instrument and rod, use special 
craas-«ectlonlDg rode, If assigned,) 

(b) Pmblcm. — Set slope stakes for tbe construction of - 
railroad, canal, etc.. eo assigned. 

(c) if e( Adds,— (Follow the methods described in the cha^ 
ter on Railroad Surveying under the head of "Crosa-Se^ 
tionlag.") 

PROBLEM 08. CALCULATION OF QUANTITIES. 

(a) Equipment. — (No instrumental equipment unless pL 
nlmeter is assigned,) 

(b) Proftffm.— Compute the quantity o( earthwork for ^m 
assigned set of cross-section notes. 

(e) Methods. — ^(1) Transcribe the notes and carefu H 
verity the copy. (2) Calculate the sectional area lor ea»_ 
station and intermediate in the notes, and prove the -^m 
suits. (3) Calculate the volume by the "average end ar^^ 
method, results to nearest 0.1 cubic yard, and check ■*:.. 
same. (4) If so instructed, plot the notes on crosB-secLi* 
paper and determine the areas by means of the planlm^'t:' 
as a check. Record results. 

PROBLEM C9. STAKING OUT A BORROW PIT. 

(a) Equipment. — Engineers' level or transit with attacbe 
bubble, leveling rod tape, stakes, ase. 

(b) PrafiJem.^-Stake out a borrow pit and take notes T- 
quired for calculation of earthwork quantltiea. 

(c) Mcthods.—il) Select a base line, preferably ontsJi 
the limits of the proposed borrow pit, set substantial statd 
sUkes say 50 or 100 feet apart along this base; deslgnt 
these stakes A, B, C, etc. (2) Establish auxiliary ref 
ence lines by erecting perpendiculars to the base line at 
several atakes, driving temporary stakes (or pegs at si 
ble distances on these lines. (3) Establish a perms 
bench mark and run levels, as in profile leveling. ■ 
IJaea starting at A, B, C, etc., noting elevations be 
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pegs and at marked Intermediate changes of slope. (4) In 
ca.8e actual construction Is undertaken, repeat the levels 
along the same auxiliary lines from time to time and col- 
cuUte the quantities. (5) Record complete data. 
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**110BLEM CIO. LEVELS FOR PROFILE AND QUANTI- 
TIES FOR PAVING A STREET. 

(a) Equipment. — Level, level rod. 4 flag poles, 100-toot steel 
*-^pe, chaining pins, 50-foot metallic tape, hubs, aite. 

(b) Prnblem. — Take level rod readings on the center line, 
'*"lght and left curb lines, right and left sidewalk lines, and 
*'5giit and left property lines to determine profiles and qnan- 
"tltles for paving street. Plot profl'es on Plate A profile 
t»aper to a scale of 100 feet to 1 inch horizontal and 10 feet to 
^ Irch vertical. E tiraate the quantities of cut and fill, and 

having materials. 

(c) ifftfiodn — (1) Locate the center line of the street and 
Set flag poles on line about 400 feet apart by ranging in 
With the eye. (2) Drive a hub at one end of the street and call 
this po'nt station zero. (3) Run a line of differential levels 
from the Standard B. M. to the zero end of the Una. R«a.d. 
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CONTOUR PLAT AND DEVICE FOR THE 
RAPID INTERPOLATION OF CONTOURS. 
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PROBLEMS. 8> 

the rod to 0.01 foot (4) Read the level rod to 0.1 foot on the 
grtJund at center hub. {5) Measure tbe distance out to the 
right curb line, right sidewalk and right property lines 
witb the metallic tape and read the rod to 0.1 foot on the 
ground at station zero. (5) Measure the distance out to the 
center line to station 1. (8) Measure to the right and left 
from the chaining pin the required distances with the 
nieiallic tape and take rod readings as at station zero. (9) 
Repeat the proci'ss at each station and at abrupt changes 
Intermediate. (10) Cheek the level circuit (II) Make pro- 
file on Plate A paper, scales 100 feet to the inch horizontal 
^nd 10 feet vertical, indicating the several lines by conven- 
tional lines or ec lors. (12) Lay grade lino as directed. (13) 
Show plat at bottom of profile. (14) Plot sections at scale 
of 20 feet to the inch and determine areas. (15) Compute 
fluajitities of eaithwork, paving, etc. Follow form. 



PROBLEM Cll. CONTOUR LEVELING. 

(a> ^i/u(pmeH(.— Engineers' Icvelins instrument, leveling 
*^fl. IQO-foot steel tape, stakes, axe. 

(b) Problem. — Make a. rapid contour survey of an assigned 
"act of ground with the level and chain. 

(c) Sfelhods. — (1) Examine the tract and plan the system 
"' reference lines for locating the points at which levels 
^■re to be taken; IC the ground is comparatively regular, a 
^'topla snbdlvlBfon Into squares oJ 100 feet may suffice; but 
" much broken, special lines along gullies and ridges 
^oulil be Included In the survey plan. (2) Stake off the 
'"■act according to the plan, and make a record of the same. 
'3* - Starting from an assigned bench, determine the eleva- 
tions of the ground at the various stages a.Tia. oX bvwJb. ^iOivw 
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poiDtB as may be required to give a correct 1)aslB for accu- 
rate contoiirtng. (4) Plot the data, and Interpolate contours 
at a specified Interval, employing both numerical calcula- 
tions and geometrical methodB. (6) Finish the plat, as re- 

PROBLEM C12. USE OF CONTOUR MAP. 

(a) Equipment.— Coatour map, drafting instrumentt, etc. 

(b) Problem. — From the given contour map: (1) conslruct 
proQIes on the assigned lines; (2) project a line of specified 
grade through assigned points on the contour map; mate 
profile, lay grade line and estimate earthwork quantities 
approximately; (3) calculate the earthwork quantities from 
the map for given grade planes and llmltattons of ares. 
(The third step may, perhaps, 1: :Bt be taken with a dltterent 
map from the first two.) 

(c) AlFth'iiJs.— Cl) Use proEle paper tor the profiles. (2) 
To project the line on the map, set the dividers at tie 
horizontal distance in which the specified gradient will sur- 
mount the vertical interval between successive contour 
planes; then beginning at a specified point, locate points 
on the successive contour lines up or down on the given 
gradient, as required; aketct in the route roughly, and pro- 
ject a series of connected curved and tangent lines appro*'" 
mating to it; construct a profile along the new line; M 
the required grade line on the profile, and estimate approxi- 
mate earthwork quantities for specified dimensions an^ 
slopes of roadbed. (3) By means of end area method calcu- 
late the earthwork quantities required to estabUsh th* 
specified grade planes on the designated contoured area, 

PROBLEM C13. RECIPROCAL LEVELING. 

(a) 7;(/Hi;'W'ii/,— Engineers' level, 2 leveling- rods. 

(b) Piiihlrm, — Determine the difCerence of elevation be- 
tween two bench marks on opposite sides of a river (or 
wide ravine) by reciprocal leveling. 

(c) Meth(fl9.—[1) Set the level up so that a rod reading 
may be taken on both benches at one setting. StaUon a 
rodman at each bench. (2) Take a hack sight conslsUng 
0/ .1 series of say 5 or 10 caT:ei\i\ c.on.secviUve rod readings. 
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) Without delay tafce a like aeries of readlnge tor a fore- 
%h\, (4) Set tba instrument on the opposite aide of tbe 
v^T or ravine and repeat the above process. (5) Deter- 
ine a difference of elevation by taking the difference be- 
'een tbe mean back sight and fore sight for each setting. 
td flnaliy take the mean of the two results. Observe rigid 
J'e in all details of the problem. 




ROBLEM C14. TEST OF DELICACY OF BUBBLE VIAL. 



(a) Egvipment. — Engineers' leveling Instrument, 1 
Id, tape, level tester. 

(b) Problem. — Determine the radius of curvature of the 
isigned bubWe vial. (1) by means of the optical test, and 
;) by the level tester, 

(c) ttet1iods.~W Measure oIT a base line say 100 feet long, 
t level at one end and hold rod on a peg driven at the 
her end; note the target niovement corresponding to a 
ven bubble movement, both in the same linear unit; cai- 
late the radius by the method shown at (h). Fig. 18. (2) 
■t the level tester on a solid base and place the instru* 
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ment on It, as Indicated at (i). Pig. 18; by means ol tba 
micrometer head and known relations of tbe level tester, 
determine the angular equivalent in eeconds tor one dlrla- 
Ion and aleo one Inch movement o( the bubble, from vhlch 
calculate the radius of curvature of the vial In feet. Follow 
the form. 



PROBLEM CIB. COMPARISON OF LEVEL TELESCOPES, 

(a) Bguijment.—Five (or other specified number) engiii- 
eers' levels (both wye and dumpy), tevelliiK rod, metaUlc 
tape. 

(b) Problem. — ^Make a critical examination and compari- 
son of the telescopes of the assigned instruments. 

(c) -If ft?!!)!?*.— Carefully read the discussion of the tele- 
scope in the text. Then compare the telescopes with refer- 
ence to: (1) magnifying power; (2) chromatic aberration; 
(3) spherical aberration; (i) definition; (5) illumination; 
(6) flatness of fields; (7) angular width of field; (8) efle*- 
ive aperture of objective. Make tabulated record of com- 
parisons, giving in separate columns; (a) locker numlier; 
(b) kind of level; (c) name of maker; (d) magnlFjIiiE 
power; and so on for tbe other points examined. 



PROBLEM C16. TESTS OF THE WYE LEVEL. 

(a) Equipment. — Wyelevel, leveling rod, tape. 

(b) Problem. — Test the essential relations and adjustment 
of tbe wye level. 

(c) MetliiidH. — Carefully note the construction of the as- 
signed level and the positions of the elementary lines. Then 
following the methods outlined in the test, test the fol- 
lowing adjustments (but do not disturb the adjusting 
screws): (1) The bubble, both as to the azimuth and atti- 
tude movements; find the position of the bubble when par 
allel to the element of the rings. (2) The line of colllma- 
tion; its deviation from the axis in 400 feet. (3) The wyes; 
finding tbe position of the bubble when tbe vertical axis Is 
vertical. Keep a neat and systematic tabulated record of 
observed numerical data, with explanation ol the sevenl 

adjustments. 



lOBLBM C17. ADJUSTMENT OF THE WYE LEVEL. 

(a> Bguipment.^Wye level (reserved expressly for ad- 
stment), leveling rod, tape, adjusting pin. 

(b) Problem. — Make ilie Full series ot adjustments ot the 
ye level. 

(c) Methods. — Follow ttae methods detailed In the text ac- 
>rdlng to the following programi (1) Adjust the bubble 
tie (a) into the same plane with the bottom element of 
te ringa, and fb) parallel to that element. (2) Adjust the 
ne of colllmation to coincide with the axis of the rings, 
rst on a long distance; and then, to test the object gjass 
lide, try it for a short distance; it necessary. Rhift the 
iticule In rotation to make the horizontal hair horizontal, 
nd also center the eyepiece. (3) Adjust the bubble line 
erpendicular to the vertical axis by means of the wye 
uts. (4) Test the rings of the wye level by the two-peg 
iet; l( the level has a reversion bubble, first test the paral- 
tlism of the top and bottom tangent lines, and then test 
4e rings. Keep a clear and systematic record. In each 
ase, state (a) the desired relation, (b) the teat, and (c) the 
djnstment. 

PROBLEM C18. SKETCHING THE WTE LEVEL. 

(a) Equipment. — Wye level. 

(b) Problem. — Make a flrst-«lasa freehand sketch of the 
islgned wye level. 

(c) Method*. — The sketch should be correct In proportion 
id clear in detail. The essential parts should be desig- 
ited In neat and draftsmanlike form, and the elementary 
lies clearly Indicated. 

PROBLEM C19. TESTS OF THE DUMPY LEVEL. 

(a) Equipment.— Hampy level. leveling rod, tape. 

(b) Problem. — Test the essential relations and adjustments 
the dumpy level. 

(c) jlf efAods.— Carefully note the construction of the as- 
sned level and the position of the elementary lines. Then, 
Ilowlng the methods outlined In the text, test the follow* 
e adjustments: (1) the huhhie line, ^hathec ^v^«a&tep 



M THE LEVEL. 

ular to the vertical axis; and if not, what Is the angular 
Inclination of the vertical axis when the buhble J3 in the 
middle? (3) The line of colllmatlon, whether parallel to 
the bubble line. Record the errors and observations s;i- 
tematicaliy. 

PROBLEM C20. ADJUSTMENT OF THE DUMPY LEVEL. 

(a) Equipment, — Dumpy level (reserved espreasly for ad- 
justment), leveling rod, tape, pegs, axe, adjusting pin. 

(b) Problfm. — Make the essential adjustments of the aa* 
signed dumpy level. 

(c) Methods. — (1) Adjust the bubble line perpendicular to 
the vertical axis. (2) Adjust the line of colllmatlon parallel 
to the bubble line by the two-peg method. In describing 
the adjustments, the record should state (a) the desired 
relation, (b) the test, and (c) the adjustment. 

PROBLEM C21. SKETCHING THE DUMPY LEVEL. 

(See Problem CIS.) 

PROBLEM C22. STRETCHING CROSS-HAIRS. 

(a) Eijuip HI fi"t.— Engineers' level or transit <or croBs-hair 
reticule), pocket cross-hair outfit, reading glass. 

(b) Problem.— Reaevf tho cross-hairs in a level or transit 
Instrument by a method applicable to (laid use. 

(o) .UcHinrfs.— (If instrument Is provided, follow the com- 
plete program outlined below; otherwise, merely Btretcli 
the lines on the reticule and test same.) (I) Remove tie 
eyepiece, carefully preserving the screws from loss. (2) 
Remove one pair of the capstan headed reticule screws; 
turn the ring edgewise and insert a sharpened stick in the 
exposed screw hole, take oat the other two screws and re- 
move reticule from telescope tube. (3) Clean the cross-hal' 
graduations, and support the reticule on a sharpened aticli, 
or (If a transit) place it on the object glass with a piece of 
paper interposed to protect the lens. (4) Select from 0>* 
capsule (see (d), Fig. 17) two spider lines 2 inches or mart 
long, and fasten a stick to either end of each hair by meaM 
of glue from the adhesive paper. (,&") 'Pis.^. l\i% ta.lw in pla«. 



(with the bite ot wood hangln? loose), sblfUng tbem as 
tolKd witb a pin point or knife blade. (6) Apply a bit of 
tlie moistened adhesive paper to the reticule over each hair, 
ud after a. tew minutes cut or break tbe sticks loose. (7) 
Test the hairs -by blowing on them full force. (8) If they 
BtiVDj this test, replace the reticule, and adjust tbe instru- 
ment. Make a record of the process. 

PROBIiEM C23. ERROR OP SETTING A LEVEL TARGET, 



(a} Equipment. — Engineers' leveling instrument, leveling 
rod (preferably a New York or Boston rod), tape, pegs. 

(ti) Proftfcni.— Determine tbe probable error ot .letting the 
CTel target at distances of 100 and 300 (eet {or such other 
listaaces as may be assigned, 

(c) Metlioda. — (1) Determine the magnifying power of the 
elescope. (2) Determine the radius of curvature of the 
svel vial by the field method, (3) Determine the space on 
te rod covered by the diameter of the hair. (4) Drive a 
'^ at 100 feet from the level, level up, and secure ten satis- 
wtory consecutive rod readings with rod held truly plumb 
ii the peg; shift the target several inches between read- 
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96 THE LE\'BI-. 

lags, ajid reset without bias; reject no readlnge; watch tl^^ 
bubble closely, but work briskly. (4) Repeal the aeries ^^ 
300 feet. (5) Determine for each distance the mean ro- « 
the probable error of a. single reading, and of the mean, ^b 
indicated in the form. 

PROBLEM C2i. MAKING A LEVELING ROD. 

(a> Equipment. — Piece of straight dressed clear white pine 
of proper dlmeEslons, steel tape graduated to 0.01 foot, car- 
penter's tri^quare, paint, etc. 

(b) Problem. — Make a'self-reading leveling rod. 

(c) Metliode.— (To be devised by the student. See Fig. 27 
for suggested graduations.) 



(a) Bi/uipmeHt.— Department equipment, catalogs of repte- 
Bentative engineering instrument makers. 

(b) f^■o6^«■n^.— Make a critical comparison of the several 
types and makes of engineers' levels. 

(c) Methods. — Examine the department equipment an^ 
study the several catalogs carefully, noting the usual ao.^ 
special features, prices, etc., and prepare a systematic sniK*^" 
mary or digest of the same. Prepare brief speciScattDns fc>r 
a leveling instrument, and also suggest the preferred mak* 
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Desoiiptlon. — Tie engineers' transit consists of an ali- 
dade, carrying the line of sight, attached to an inner rertt- 
cal spindle (or upper motion) which turns in an outer an- 
nular spindle (or lower motion). The latter carries the 
horizontal graduated circle or limb, and is supported by the 
tripod head. The alidade Includes the telescope, magnetic 
needie with its graduated circle, and the vernier; it may be 
revolved while the graduated limb remains stationary. The 
horizontal limb is gradimted to degrees and half degrees 
and soraetimeB to twenty minutes, and is numbered prefer- 
ably from Kero to 350° In both directions. 

The complete transit differs from the plain transit. Fig. 
20. in having a vertical arc and level bubble attached to 
the telescope. 




S8 THE TRANSIT. 

In Fig. 21 are abown: (a) ttae English theodolite; ( 

the Bblftlng plates and foot screws of a transit; (c) t 
Saegmuller solar attachment to the transit; (d) the gn 
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lentw; (e) tripods; (f) reBeotora; (g) reading glass; (h> ■ 
flsB poles; (0 plumb bobs; (J) the Bmntos pocket transit 

Tka Vernier. — Tbo' Temler la an auxiliary scale used to 
read fractional parts of the main graduated scale or limb. 
The kort count o( a dlreot vernier Is found by dividing the 
TOloe of one division of the limb by the number ot divisions 
on the Ternier. With a limb graduated to half degrees and 
B direct vernier reading to single minutes, 30 divisions on 
the vernier coyer £9 diviaions on (he limb. 

In reading a direct vernier observe the following rule: 
Read Irom the zero of the limb to the zero of the vernier, 
(hea along on the vernier until coincident lines are found. 
Add (he reading of the vernier to th6 reading of the limb. 

In Ktting the vernier to a given reading, as for eiample 
B zero reading for measuring an angle, the tangent move- 
iiient should bo given a quick short motion to secure the 
last refinement, since a slow movement Is not noticed by 
Uie eye. Notice adjacent and end graduations. 

In F^. 23, (c) is a vernier reading to single minutes, (d) 
to half minutes (30"), and (e) to thirds ot mlndtea (20"). 
^e slant In the numerals on the limb corresponds with that 
on the vernier. 

tJSE OF THE TRANSIT. 

Wm.— The complete transit is used: (1) to prolong lines; 
'!) to measure horizontal angles; (3) to measure vertical 
uiglea; (i) to mn levels; (5) to establish grade lines. The 
Elaia transit Is conflned to the Qrst two uses, unless it has a 
Vertical clamp and tangent movement, when it may be used 
^ "5hoot in" grade lines. 

^loMKBtioii of Linea.— If the Instrument Is in adjust- 
"■^nt a. line can he prolonged by sighting at the rear sta- 
fon and reversing the telescope In altitude. It is, however, 
■■ot Me to depend on the adjustments of the transit, and 
™portant Ilne» should always be prolonged by the method 
"t "doublo sights," as given in Problem D2. Lines may he 
ri^longed with the plates by sighting at the rear station 
*IUi tlw A vernier reading ISO', reversing the alidade in 
Wnrnth and locaUng stations ahead with the A vernier 
J^Mln* zero. A third method employs two points ahead 
<*Ui< instrument 
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100 THE TRANSIT. 

MeiBBaremflitt of Horlsontal Anelea, — Horizontil 
angles are measureil as described in Problem Dl. If greater 
accuracy Ib required, angles may be^easured by aeries or 
by repetition. 

By SerieS.^ln measuring an angle by aeries all the 
angles around tlia point are read to the right, both verniers 
being read to eliminate eccentricity. The instrument ia 
then reversed in altitude and azimuth and KL the angles 
around the point are read to the left. The readings are 
checked by sighting baclc on the first point in each case. 
These observations coastitufe one "set." The vernier ia 
shifted between sets 360° divided by the number of sets. 
The arithmetical mean oC the observed values ia talien as 
the true value. 

By flepftii ion .—Angles are measured ty repetition aa 
described in Problem D13. This method Is especially auitrf 
to the accurate measurement of angles with an ordinary 
transit, and is to be preferred to the series method, which is 
a favorite where precise instruments are used. In the repe- 
tition method all the instrumental errors are eliminated 
and the error of reading is very much reduced, It is doubt- 
ful if it is ever consistent to make more than 5 or 6 repe- 
titions. 

Aiimnth. — The azimuth of a line is the horizontal ans'^ 
which it makes with a line of reference through one of IB 
ends, the angles being measured to the right from 0° to 
360°, as in (f) Fig. 23. It Is usual to assume that the true 
meridian is the line of reference, the south point belnl 
taken as zero in common surveying. 

Deflection.— The deflection of a line Is the angle that it 
makes with the preceding line produced, and is called de- 
flection right or left depending upon whether the angle ^ 
on the right or left side of the line produced, as in (li)p 
Fig. 23. 

Vertical Angles.— Vertical angles are referred to til 
horizon deiermined by the plane of the level under the 
telescope, and are angles of degression or elevation relative 
to that plane. In measuring vertical angles the inatrunwn' 
should be leveled by means of the level under the telescope 
and cerrection should be made tor index error of the ver- 
nier. With a transit having a complete vertical circle, tl» 
true Tertlea} angle may be olita\Tieft Vj measarlnK tin 
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angle with the telescope DOrmal and reversed and taking 
the mean. 

TraTeraing. — A traverse is a aeries of lines whose 
lengths and relative directions are known. Traverses are 
used In determining areas, locating highways, railroads, etc. 
Azimuth Traverse. — In an azimuth traverse the azi- 
muths of the lines are determined, usually passing around 
the field to the right. In orienting the transit at any station 
the A vernier is set to read the azimuth of the preceding 
course, the telescope Is reversed, directed towards the pre- 
ceding station and the lower motion clamped; the telescope 
is then reversed in altitude. The reading of the A vernier 
-with telescope normal will then give the azimuth of any line 
sighted on. If there is any error in coUimatioa the transit 
may be oriented by sighting back with the A vernier read- 
ing the back azimuth of the preceding course. In a closed 
(rarerse the laat front azimuth should agree with the first 
back azimuth. The azimuth traverse is especially adapted 
to stadia and railroad work. Azimuths can be easily 
changed to hearings, if desired. 

■ Deffeetion Traverse. — In a deflection traverse the de- 
flection of each line is determined, usually passing around 
the field to the right. To avoid discrepancies due to error 
In coIUmation, the transit may be oriented hy sighting at 
the preceding station with the A vernier set at 180'', the 
telescope being in its normal position, and the lower rao- 
^m clamped. The reading of the A vernier will then give 
Uie Reflection of any line sighted on. 

Compaaa Bearings. — Compass bearings should always 
Iw read on an extended traverse as a check against such 
wrors as using the wrong motion or an erroneous reading 
of the vernier. To guard against errors due to local attrac- 
.tion. back and front bearings should always be read, and 
tie angle thus determined compar^id w>th the transit angle. 
LsTeline witli tlie Transit.— The transit with an at- 
(aclied level Is the complete equivalent for the engineers' 
level. The instrument is leveled up with the plate levels 
first, after which the position of the attached bubble is con- 
trolled by means of the vertical tangent movpment. 

Orade Idnei. — Grade lines may be established with the 
tiMBlt either hy means of known distances and ea.lti-a.\a.<>.^ 
■W readings, or by "shooting in" a paraUeX Wne "b^ TaftM* 
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ol the inclined teleecope, as described under the use ol the 
englneere' level. For the latter purpoflQ the traiult is raOiW 
more convenient than the level. 

Settlne np the Tranalt.— To set the transit over B point 
Bpread the legs bu that ther wilt make an angle ol about 
30°, place them aymmetricall? about the point with two legB 
down hill. Bring one plate level parallel to two or the lep, 
force these legs firmly into the ground and bring the plumb 
hob over the point and the plates approiimately level witb 
the third leg, changing the poeition Ol the plumb bob witb 
a radial motion and leveling the plates with a circular mo- 
tion of the leg. Finish the centering with the eblftins 
plates. In leveling Tip, the bubbles move with the left thumb. 
Use care to bring the foot screws to a proper hearing. 

Parallax.— Before beginning the abservations the eye- 
piece should be carefully focused on the cross-hairs so as to 
prevent parallax. 

Back Sight With Tr anal t.— Always cheeh the baci «^A< 
before moving the transit to see that the Instrument has not 
been disturbed or that a wrong motion hoe not been used, 

Inatnunental Eptopb.— The transit should be kept in M 
perfect adjustment us possible, and should be used habitual- 
ly aa though It were out Of adjustment, that Is, so that tM 
Instrumental errors will balance. No opportunity should be 
lost to test adjustments. 



ADJUSTMENTS OF THE TRANSIT. 

Elementary Unea.— Fig. 22 showa the elementary lines 

of the transit, viz., (1) line of coiilmatlon; (2) horizontal 
axis; (3) vertical axis; (4) plate level lines; (6) attached 
level line. These lines should have the following relaUons: 
(a) the plate levels should be perpendicular to the vertical 
ails; (b) the lino of coilimation should be perpendicular to 
the horizontal axis; (c) the horizontal axle should be per- 
pendicular to the vertical axis; (d) the attached level line 
should be parallel to the line of coilimation. ^The foUowlng 
additional relations should exist; (e) the vertical axes of 
the upper and lower motions should be coincident; (f) the 
optical center of the objective should be projected in the 
Ona of coilimation; (g) the centet at the ^radnated circle 
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should be the center of rot&tlon, 1. e., there should be no 
eccentricity. 

PI«te XotbIb. — To make the plate levels pcrpendUMlar to the 
vertical airit. — Slake the vertical axis vertical and adjtiit the 
tutiblei to the middle of their race. Tlie vertical ajiis is made 
Terticat by leyellng up, reversing in azimuth, and if the 
"bubbles more, bring them half way back with the loot 
screws. The adjustment is the same as tor the compass, and 
-the reasons are shown in (a), Fig. 13. 

AKeiT adjusting the plate levels with reference to say the 
'wipper motion, teat them with the lower motion to prove 
-tha coincidence of the vertical axes. 

lime of CftUinutlan,— To make the line of collitnatton per- 
' to the horizontal (trfa. — Construct a straight line 
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and adjust tlie vertical hair so that the instrument trill revfree 
in altitude on it. The BtralgM line may be eBtablielied either 
by prolongation beyond a point In front, or preferably by 
the methods of double sighting, described In Problem D2. 
One-fourth the apparent error is corrected in second case as 
shown in (a), Fig. 23. In deciding which way to move 
the hair, notice that tlie optical center ia the fulcrum. The 
transit should be coillmated first for equal back :i.-,id fore 
Bights, say 100 feet or so, and then checked for a di>5- 
tant point in one direction and perhaps 50 feet in the other, 
so as to test the motion, ot the optical center o( th& 
objective. The points sliould all be aa deflnite as possible. 
Chaining pins may be used, or V-marka may be made on the 
side of a stalte driven securely. Bach altitude reversal 
should be checked back and forth to make sure ot the pro- 
longations, and the telescope should be handled very care- 
fully. ,If the cross-hair reticule is removed from the instru- 
ment or should be much disturbed, the foregoing adjustment 
ismade approximately and the hair is mad« vertical by sight- 
ing on a plumb line, such as the corner of a building, or by 
noting whether the hair continuously covers the same point 
as the telescope Is moved in altitude; the colllmation ad- 
justment Is then made precisely. 

Horizontal Axis. — To moke the horizontal 03:13 fiprpen- 
diciilar to the vertical axis. — Adjvat the horizontal oj-is so 
tliat the tine of eolliviatiifn will follou} a plumb line. An actual 
plumb line may be used; or preferably a vertical line may be 
constructed by first sighting on a high point, then, depres- 
sing the telescope and marking a low point; then reversing 
In altitude and azimuth (turning the horizontal axis end for 
end), sighting at the high point again and marking a second 
low point beside the first one. The mean of the two low 
points is vertically beneath the upper one. ITia ta'ansverse 
plate level is especially important in this process. One end 
of tho horizontal axis Is changed, as in (b), Fig. 23. 

Attached LtTel.— To make the attached level and tfie line 
of collimatirin parallel to each otlirr.—Constrvct a level line and 
adjiixt the instrument to agree Kith it. The level line may be 
obtained either by using the surface of a still twdy of water, 
as of a pond, or it may be constructed by equal back and 
fore sights, as indicated in (e). Fig. IS. Either the horizon- 
tal Mir may be changed to bring tie Uue at colllmation 
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Fig. 23. 

parallel to the bubble line, or vice versa. The method is the 
same aa used tor the dumpy level. 

If the bubble vial la u reversion level, as shown at 
(b), Fig. 18, the adjustment is much simpler. However, the 
two-peg teet should be applied <it lf<ist oncp to the revorslon 
level to prove the parallelism ol the top and bottom tangent 
lines of the bubble vial. 

Vertloal Are. — After the last preceding adjustment, the 
vernier of the vertical circle should be made to rea.(i zero 
when the bubble is at the center of the tube. Bring the 
bubble to the center and shift the vernier to read zero. If 
the vernier is flsed, an index correction may be applied to 
all vertical angles; or the bubble may be made to agree 
with the vernier and the horizontal hair then adjusted by 
(be two-peg method. 



v_'.oogIe 



106 THE TRANSIT. 

EcoentplcJiy.— Read the two Ternlera at Interrala around 
the circle; If tie vemlere have chimeed the same amotint In 
each case the oircle Is well centered. It the two Temlora 
have not changed the same amount, the mean o( the angles 
passed over by the verniers la the actual angle through 
which the Instrument has turned. The error cannot be ad- 
justed. 

Oenterlns the ETcpieoe.— If the Intersection ot the 
crosa-hairs Is not In the center ot the field of view, move the 
inner ring of the eyepiece slide by meanS of the screws 
which hold It. 

PROBLEMS WITH THE TRANSIT. 



(a) Equipment. — Transit, 2 flag poles, reading-glass. 

(bj Pro6 lent.— Measure the angles of a given triangle with 
the traneit. 

(c) ifefftodg.— (1) Set the transit over one of the vertices 
of tho triangle and plumb a transit pole over each of the 
other two. (2) Set the A vernier to read zero, sight at the 
left hand point approximately, clamp the lower motion find 
make an exact bisection with tlie lower tangent movement. 
(3) Unclamp the upper motion, Sight at the right hand 
point approximately and make an exact bisection with the 
upper tangent movement. (4) Head the A vernier to the 
nearest single minute. This reading Is the angle songht (5) 
With the A vernier set to read zero repeat the measurement, 
sighting first at the right hand station and then at the leTL 
The recorded value of the angle is to be the mean ot these 
two determinations which must not differ by more than 
one minute. (6) Measure the other angles in like manner. 
The error of closure must not exceed one mlnnte. Follow 
the prescribed form. 





i 


tfi' 


h " 

is 


™ 




r'™2 












v/.ooglf 



108 THE TRANSIT. 

(b) Pro Slmi.— Prolong a 300-foot base line BuccasBlvely 
with the transit by the raethod ot "liouble siglita" about 
IBOO feet, and check on a tub previously establishafl. 

(c) aiet}ioda.—m Drive two hubs, A and P, about IBOO feet 
apart. (2) Set the transit over tack In hub A, sight at Ha? 
pole plumbed over tack in hub V, drive hub B about 30O 
feet from the transit and locate a tack in line very care- 
fully. Remove the flag pole from hub F. (3) Set the tran- 
sit over hub B, back eight on hub A and clamp the vertical 
axis. (4) Reverse the telescope, drive hub C at a distance 
of about 300 feet and mark line very carefully with a pen- 
cil. (5) Reverse the transit in azimuth, sight on hub A; re- 
verse the telescope and locate a second point on hub C 
Drive a tack midway between these two points. (6) Set th£ 
transit over the mean point on hub C, back sight on hub 
B, prolong 300 feet and set hub D by double sighta. (7) Set 
over hub D, back sight on hub C. prolong 300 feet and set 
hub B, aa before. (8) Finally prolong from hub E, witb 
back sight on D, and establish mean tack at terminal hub 
F. Record the collimation errors at C, B, E, and the final 
error at F. Follow tiie form. 

PROBLEM D3. INTERSECTION OF LINES BY TRANSIT. 

(a) £gKlpmeH(,— Transit, 2 flag polee, plumb bob string, 
axe, 6 bubs, 6 flat stakes, tacks, marking crayon.. 

(b) Piofifeiii.— Determine the intersection of the bisecting 
lines of two angles of a'triangle and check by bisecting the 
third angle. 

(e) Alctliods.^il) Drive and tack three hubs so aa to 
form a triangle approximately equilateral and having sides 
about 400 feet long; properly witness the hubs with guard 
stakes. (2) Set the transit over one of the vertices of th£ 
triangle, and measure the angle as in Problem Dl. (3) Set, 
two hubs on the bisecting line, about 6 feet apart, so tha\^ 
the point of Intersection of the bisecting lines will contfc 
between them, and mark the line by stretching a string b^ 
tween the hubs. Check by measuring each half angle ini^^J 
pendently. (4) Set the transit over one of the other v^ 
tices of the triangle, measure the angle and determine ■y_-,,' 
bisecting line as at the AteI point, (SI Drive a hub at -^i,, 
lateraectloa of the two blspcyni!; Wnes a.tv4 "mwY. W% «^ja 
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point with a tack; check by measuring each half angle In- 
dependently. (6) Set the transit over the third vertex and 
determine the angular and linear error of Intersection. (T) 
As a Snal check measure the angles around the point of in- 
tersection of the bisectors. The angular error ot closure of 
anjr triangle should not exceed one minute. Follow the 
prescribed form. 
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PROBLEM D4. RBPBEBNCINQ- OUT A POINT. 

(a) Equipment. — Transit, 2 fiag poles, lOO-foot steel taje - 
axe, 6 bubs, 6 flat Btalcee, marking crayon, tacks. 

(b) Problefn.— Reference out a point with a transit and^ 

(c) Methods.— (1) Drive two hubs about EOO feet apart andZ^ 
mark them with guard stakes. (2) Set the transit over ona^' 
of the hubs and reference It out as shown in the diagram. 
All hubs should be driven flush with the ground, and the 
exact points should be marked by means of tacks driven 
into the tops of the hubs. Record in proper form. 

PROBLEM D5, TRIANQULATION ACROSS RIVBR. 

(a) Eijuipmenf—Transit, 2 flag poles, lOO-foot Bteel 
tape, a&e, 4 hubs, 4 flat stakes, tacks. 

tb) Problem. — Determine the distance acroee an Imaginary 
river by triangulating with the transit and check by direct 
measurement. 

(c) Methods.— {To be devised by the student. Use this 
and the next problem to learn the relative merits of several 
good methods. The "rule of ten" method in the Bketcb be- 
low is very ra.pid and also quite accurate.) 
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PROBLEM D6. PASSING OBSTACLE WtTH TRANSIT. 

(a) E?«(pmen(.— Transit, 100-root steel tape, 2 flag poles, 
sxe, hubs. Sat stakes, tacba, 

(b) Pro5(em.— Prolong a line beyond an Imaginary ob- 
stacle by tliree methods and check by direct measurement. 

(c) Ifefftods.— (To be devised by the student) 

PROBLEM D7. .TRAVERSE OF FIELD WITH TRANSIT, 

(a) E5u(pm en (,— Transit, 2 flag poles, 100-foot ateel tape. 

(b) ProWem. — Determine the deflectionB of the sides of an 
assigned Seld- with the tranett, check angles by observing 
the magnetic hearings, and measure the lengths of the sides 
with a steel tape. 

(c) Methods.— m Set the transit over one corner of the 
field, set the A vernier to read ISO", and sight at a. flag 
pole plumbed over the point to the left with the telescope 
normal. Read and record the magnetic bearing. (2) Keep 
the telescope normal and sight at the next point to the right. 
The reading of the A vernier will be the aeflectlon Of the 
second line. (3) Read and record the magnetic bearing 
and compare the transit and magnetic deflections. (4) Re- 
peat this process for the remaining corners of the polygon 
taken In gucccssion to the right Deflections' wilt be based 
on duplicate readings agreeing within one minute. (6) 
Measure the sides to the nearest 0,01 foot with the tape. 
Compare the tape with the standard at the beginning and 
conclusion of the chaining. (6) From the observed deflec- 
tions determine the bearings of the field assuming one sid^^ 
as a true meridian. The angular error of closure must no^^ 
exceed one miuute. Record and reduce data as In the pre — . 
scribed form. Should a side of the fleld be obstructeS, ni.^ 

one or more auxiliary points (see (c) of D8), 

(Most engineers prefer "plunge reversals" to the above 
method of "plate reversals." To avoid the coUimatlon err^ar 
Involved in a single plunge reversal, the principles o/ 
"double sights" must be used and the mean angle taken. To 
save time, some engineers try to keep the transit always in 
first-class adjustment, so as to omit one altitude reversal 
in the "plunge" method, and some turn the transit "end *or 
end, " (reverse In azimuth) every seVUTis ot ^,o.^ 
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PROBLEM D?. AREA OF riELD WTTH TBAN8IT. 

(a) B3«(pmen(.— Five-place table of logarlthma. 

(b) Problem.— Compute the area o( the as^gned field lir , 
means of latitudes and departuree. 

(c) Jfe(ftods.— (Follow the InBtnictlons In the corre- 
apondlns prohlem with the compass, Problem B4, preserving 
the same degree of precision In the computed latitudes mi 
departures ae !n the field measurements, in ea^e auslUarr 
stations are used on an ohstructed side of the field, calcu- 
late the latitudes and departures of the polygon aJituallr tra- 
versed in the field, and then to And the area drop the taUe 
corners In calculating the meridian distanct and the latitude 
of the real side of the field.) 

PROBLEM TO. STAKING OUT A BUILDING. 

(a) Bquipmimt.~-TiMLBlt, lOO-foot Bteel tape, 2 flag poles, 
axe, hubs, tacks, plan of building. 

(b) ProbU-m. — On an assigned plot of ground stake out 
the assigned building. 

(c) Methods.— (1) Orient one side of the enclosing r 
tangle with reference to a true meridian or a street line. (2) 
Locate and check up the corners of the rectangle by set- 
ting over each comer in turn, parsing around to the rlgit, 
back-sighting on the corner to the left, turning off 90* 
and locating the comer to the right. (3) Locate the eon 
of the building by setting stakea on the side lines ot the 
building produced, using the rectangle as a base line. (If 
Check all stakes by additional measurements. The rectangle 
should cloee to the nearest minute, the linear error should 
not exceed 1;B0,000. Follow the prescribed form. 

PROBLEM DIO. HEIGHT OF TOWER WITH TRANSIT, 

(a) Egufpmen*.— Complete tranMt, 2 flag polea, leveling 
rod, lOO-foot steel tape, axe, hubs, tacks. 

(b) /"roftton.— Determine the height of an assigned toww 
with the transit and steel tape. 

(c) Methods.— ID Set the transit over a hub located a Itttli 
further from the base than the height of the tower. 
evel the instrumeBt very carehiWy wWli Vae B.UBc^%a lerd 
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and determine the Index error ol the vertical circle. (3> 
Bring the bubble of the attached level to the center and read 
a level rod held on the base ot the tower. (4) Sight at t^e 
top of the tower, read the vertical angle, correct lor lodex. 
error and record. (5) Reverse the telescope and locate a. 
second point at least ae far from the first as the height of 
the tower, check by "double sights." (6) Set the transit 
over the second hub, eight at the top ot the tower and read 
the vertical angle, as before. (7) Read the level rod on th& 
base of the tower ae before. Bach angle and rod readins 
Is to be based on duplicate readings. Follow the prescribed 
form. 

■PROBLEM Dll. SURVEY OF UNE SHAFTING, 

Ca) Eguipmeni.— Engineers' transit with attached bubble, 
leveling rod (or instead of these engineers' Instrumenta, » 
16-(oot metal-bound straight-edge with an adjustable bubi>l« 
of say 20-foot radius, a long braided fishing line, and 3 loc»- 8 
metal suspenders made exactly alike, from which *» 
suspend straight-edge from line of shafting), 2 good pluK^*-** 
boba, 50-foot etched steel tape, copper tacks, hatchet 

(b) Pro6(rm.~Make a survey of a line of shafting In » 
machine shop, and establish a true allnement for it, b*"*" 
vertically and transversely. 

(c) tfetliods.—(l} Establish a reference line for Iate»-»l 
deviations and carefully mark the same. (2) Select a sis. a'' 
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able permanent bench mark to which the levels may be re- 
ferred. (3) Determine the horizantal distance from the 
■vertical reference plane to the line ehaftlng at selected 
points, Bay at each hanger. (4) Determine the elevations 
of the Eame points by the methods of profile leveling . (5) 
Plot the data &s suggeEted In the diagram. (6) Note the 
ruling points and permissible change botb laterally and 
vertically at «ach hanger, and record the data. (7) Lay 
grade lines, and prepare data to shift the lice shafting to a 
true position. (8) Hake complete record of results. 

PROBLEM B12. SURVEY OF RACE TRACK. 

(a) Equipment — Outfit for transit party, (If assigned, a 
long wire, say No. 20, spring balance, thermometer, etc.). 

(b) Problem. — Make the survey for a race track, as in- 
structed, 

(c) Methods. — (1) Standardize steel tape, noting tempera- 
ture and pull. (2) Make a careful examination of the tract 
of land with a view to secure the beet location for the race 
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track as regards vlalbllltr, drainage, econoinjr of conatmc- 
tlon and maintenance, etc. (3) After flzing the ruiins 
paints, establish the principal axla ol the track by locatlag 
the centers of the two BemUcIrcles and the IntersectlonB of 
the axis with the curves; also eatabllsh the ends of the 
curves, preferably on the true measured line (3 feet from 
the hub plank for a sulky track, and IS Inches from the 
Inner edge for a bicycle track.) (4) Run In each quadrant, 
either by the deflection angle method, or. If treea or other 
obstructions do not prevent, by using the wire aa a radius 
with observed pull; set points 16 feet apart unless In- . 
Btructed otherwise. (5) After locating the true line, check 
up the total distance very carefullj'. (6) Make plat and 
complete record of survey. 

PROBLEM D13. 



(a) Equipment. — Transit, reading glass, 2 chaining pins, 
2 tripods with plumb bobs (if necessary). 

(b) Problem. — Measure the angles of a prescribed triangle 
with transit by repetition. 
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(c) Jfrtfcorfs.— {l)Set the transit over one of the verticei »f 
the triangle and set chaining pins In the tops ot the monu- 
ments at the other two. (2) Set the A vernier to read zero. 
(3) Sight at the left hand station with the bubble down, 
and clamp the lower motion. (4) Unclamp the upper rao- 
UOD, Bight at the right hand station, read both verniers and 
record. (5) Unclamp the lower motion, alght at the left 
' band statltxt, and check the verniers to see that they have 
not moved. (6) Unclamp the upper motion and sight at the 
right hand station but do not read verniers. Repeat until 
Btb repetitions or the angle are secured, and read both ver- 
niers to eliminate errors of eccentricity. (7) Divide the 
arithmetical mean of the two Temler readings by five and 
compare with the value obtained by single measurement. (8) 
Reiersethe instrument in altitude, and set the 4 vernier to 
read xero. (9) Sight at the right hand station with the 
babble up, and clamp the lower motion. (10) Unclamp the 
upper motion, sight at the left hand station, read both ver- 
lUcra and record. (II) Unclamp the lower motion, sight at 
tbe right hand station, and check the verniers tri see that 
titvT have not moved. (12) Unclamp the upper motion and 
Bight at the left hand station, but do not read the verniers. 
Reiteat nntil 0ve repetitions of the angle are secured, and 
rvsa both vemiere to eliminate errors of eccentricity. ri3) 
IMvide the mean of the two vernier readings by five and 
Bonpare with the value obtained by single measurement 
(14) "nAe the mean of the two sets as the most probabl» 
I valoe. (15) Meaanre the other angles In the same manner. 
\ The aagolar error of cloanre should not exceed 15'. Follow 
1 the preaeribed form. 

I PaOBLB MD 14. DETBRMIXATION' OF TRUE MERIDIAN 
BY OBSERVATIOX OS POLARIS AT EUJSGATIOS. 

(a) g f i^ wCTrt.— Complete transit, reading glass, hib 2 
\ fat stakes, baud Tx 4'x T, i M nails, ax*. 2 Ui>t«nu. 
I watefe act and regulated to ki>«p raSlnud time. 
•} fn l i wi.— DewrmiH* a tr:i* meridian by an rtbv^rr^ 



(el JMtaAL— (1) CalTOlaw tt- t;=,* „. ^.„„, ^ .^ 

■ "^rttaBiwwUateaDd set a good n£^*jt watr^h. -ja uo* 
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AaiMUTMJ sr Pot-Am» AT ELONgATION ■ 

BeTweer. I9Q3 ond 1910 . ona Lotrtudea 50* and 50* North 
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OF POLARIS FOK EACH MONTH. 
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Set the transit over a hub about 40 Diinutes before the time 
of elongation. Level the Instrument very carefully, and 
set the vernier of the vertical circle to read the latitude of 
the place. (3) Focus the objective on a bright star; sight 
at Polaris which will be found by following the pointers of 
the Great Dlp;ier. at an elevation equal to the latitude of 
the place. (3) With reflector or piece of white paper re- 
fleet light Into the telescope so that the cToa^-^i^^* i.tA'Cia 
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Imase of Polaris will be visible at the same time. (4) De- 
presB the telescope and eBtabliah a target at a diatance of 
about 600 feet; place the plaok on the ground and nail it 
firmly to a fiat stake, driving one at each end. (5) Level np 
again and follow Polaris with the telescope by means of ttis 
tangent movement; at elonsation it will appear to traverse 
the vertical hair for several minutes. (S) Depress the tele- 
scope, Eight at a pencil held on the target and mark tlie 
point very carefully. <7) As a, check make three obserVB' 
tlons within half an hour after elongation, noting the time 
of sighting on the star. Reverse the instrument in altitude 
and azimuth after the first check observation. (8) Reduw 
the clieck observations to observations at elongation by the 
following rule: Multiply the square of the time since 
elongation in minutes by 0.058, and the product will be the 
correction to the azimuth Of Polaris in seconds of arc, for 
latitude 40°. (9) The nest morning lay ofT the azimuth ot 
Polaris for each observation to the east or west, depen^ng 
upon wliether the observation was made at western or east- 
ern elongation. (10) Check the observed meridian with tlie 
standard meridian. The error of the mean of the four ob- 
eervations should not exceed one minute. Record and re- 
duce the data as in the prescribed form. 



(a) Eguipi»e»(.— The same 

(b) Problem. — Determine i 
Polaris at any time. 

(c) Methods. — Make the observations as described la 
Problem DH, noting the time of observation to the near- 
est minute, and reversing the Instrument In altitude and 
azimuth b, '.ween the 3rii and 4tb obHervatlona. The transit 
should be leveled up very carefully with the attached bub- 
ble, particular attention being given to the horizontal plate 
level at riglit angles to the line ot sight. (2) Reduce the 
observations by means of the tables. 

(A star comes to the meridian i minutes (nearly) earlier 
each day than it did the preceding day. The sideral day ia 
therefore shorter than the solar day, the time from upper 
•alalnation to upper culmlnallotv toe\Tis tS, \ismx% 58.1 mln- 



Table ^ Local Mean f AsTWoNOMicAO Time 
V XUE Uffeii Culmination qt Polaris. 

Computed for Long. 106' West of Qreenwic 
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ot«saean solar time. The time from Upper Culmination to 
lAVer Culmination 1b 11 hours ES minutes. 

Astronomical time, or Local Mean Solar time, Is the time 
liiftt would be kept hy the mean sun and is obtained from 
Stsndard, or railroad time, by adding or subtracting 4 min- 
utes for each degree of longitude that the place of obser- 
vation la east or we«t of the Standard Meridian. The As- 
^nomlcal day begins at noon of the civil day of the eam« 
iltte, and Is reckoned from zero to 24 hours. ■ 

The Hour Angle of Polaris is found by subtracting the 

Correct Local Mean Solar time of Upper Culmination 

(Table A), from the Local Mean Solar time of observation. 

TJie Time Argument used in entering Table B is the Hour 

Angle of Polaris, or 23 hours S6.1 minutes minus the Hour 

'-A.ngle of Polaris, for the given year. Table B is u^ed as 

*W1owb: 'Find the "hours" of the time argument in the 

l«ft hand aoiuma ot either page ol T&\i\« %. VAVi<t!\a%. 
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Table B. Azimuths fir FbtARis at Any Tim 
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Azimuths of R)lari3 At Any TTml f CoNTtil 
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and the "minutes" in the column marked with the cur- 
rent year. On the same horlBontal Una with the "minutes" 
the "azimuth" will be found under the given latitude. Thus 
for 1901, time argument 2 hrs. Gmin., latitude 40°; flnd2hra. 
on the left hand page, and under 19D1 find S min. in the 
second line under the eecond heavy horizontal line, and on 
theaamelfne withtbemlnutes under latitude 40° la azimuth 
0°&1'. For hour angles greater than 5 hra, 66 mln., flnd 
the azimuths on the right-hand page. If the exact time 
argument Is not found in the tahle, the azimuth ma; be 
found with sufflcient accuracy by direct Interpolation. Ail- 
muths for latitudes between raluea given in Table B may 
be found by direct interpolation. The nearest whole degrte 
of latitude Is usually sufficiently accurate. The time nsed 
tn making observations should be correct to the nearest 
minute, if accuracy is desired. 

Table A, "Local mean (astronomical) time ot the upper 
culmination of Polaris, computed (or longitude 6 bonn 
(90°) weet of Greenwich," was computed by the autliors 
from data given in the Nautical Almanac. 
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^ble B, "AzlmatbB of Polaris at an? time," was com- 
:ed by Uie AuthorB and wafl checked ^y compaTlng vltb 
A given In Appendix No. 10 U. 8. C. & G. S. Report, 1S95, 
1 is bellered to be without error. The azlmuthe for 40° 
re taken the same as In the "L^nd Survey Manual" and 
I corresponding hour angles fop the different years were 
uputed. The azimuths for tbe different latitudes corre- 
indlng to the given hour angles were then computed. A 
'lod occurring after an azimuth indicates that Its value 
0.5' greater than printed. 

i'he observations should be made as near elongation as 
isible for the reason that Polaris Is moving most rapidly 
asimuth near culmination and errors In obserTlng the 
le and using the table are then a maxluium. 
ffith careful work the range of fi reduced observations 
]uld In no case exceed 1' of arc. Record the data and 
Jce the calculations as In the accompanying form. 




a) EgMipmeiif.— Complete transit with solar attachment, 
ding glass, solar ephemerls, axe, hubs, tacks, 

b) ProSIem.— Determine a true meridian with a solar 
aslt 

c) if etftois.— (There are various forms of solar attach- 
nta, to transits, among which are the Saegmuller, (a), 
1 the Buff and Berger, (b), Fig. 23a; the former Is the 
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best known. The theory ot all solar attachments in gen- 
eral use 1b the same, and Is as follows: In order to bring 
the Image of the Bun into the center of the aolar telescope, 
when the line of dollimation of the solar telescope makes an 
angle with the line of oolllmation of the main telescope 
equal to the sun's declination corrected for refraction, and 
the line ot colllmatlon of the main teleecope Is elevated at 
an angle equal to the co-latltade of the place of observa- 
tion, it is rigidly necessary that the line of colllmatioa of 
the main telescope lie In a true meridian as shown in (b| 
Fig 23a. 

The elementary lines of a solar attachment are; (1) The 
polar axis; (2) the line of collimation of the solar teles- 
cope; (3) the attached le'<'el line. These lines should have 




Pig. 23b. 

the following relatione; (1) The polar axis should be per- 
pendicular to the line of collimation of the solar telescops 
and the horizontal axis ol the main telescope; (2) the liw 
of collimation of the solar telescoie and the attached level 
line should be parallel. The methods ol making these ai- 
Justments are obTlous. '-' 

The deeJiDation of the sun (see Fig. 23b for explanation 
of astronomlca.l termB> tor the liVace ol o\iwn"wiln* 1> 
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toand 1>7 adding, algebraically, the hourly cuange multi- 
plied by tlie number of hours since Greenwich mean noon 
(6 A. M., 90tta Merldiao) to the declination of the Bun, as 
eiren in tlie soiar ephemeria for Greenwich mean noon for 
the given date. The setting (apparent declination) is found 
by taking the algebraic sum of tlie refraction correction and 
the declination of the sun obtained as above. The refrac- 
tion is always plus; the deciinatiou is plus when the sun 
l3 north nnd minus when south of the celestial equator; 
and uie hourly change in declination is plus when the sun 
!b moving north and minus, when moving south. 

The "Pocket Solar Bphemerls and Refraction Tables for 
Vm with Saegmulier'B Solar Attachment," may be obtained 
from G. N. Saegmuiler, Washington, D. C, price 10 cents, 
^be true local mean solar time should always be used, and 
"■ay be obtained from standard or railroad time by adding 
<"■ subtracting (our minutes for each dcKrea that the place 
■*' observation is east or WMt of tie standard meridian.) 

(1) Calculate the ai^arent declination (settiog) of the sun 
for several different times, varying by 15 minutes, between 
8 and 10 o'clock A. M, and 2 and i o'clock P. M. (2) Set the 
transit over hub, level up very carefully with the attached 
■nibble, and very carefully adjust the main transit and 
^olar attachment Determine the Index error of the vertical 
'^IfCle, and either correct it or apply it to all vertical an- 
Eles with its proper sign. (3) Level the transit very care- 
fully with the attached bubble. Bring the line of colllma- 
tlon of the main telescope and the line of collimation of the 
"olar telescope parallel by sighting on a distant point, and 
^tnt the main telescope south. (4) Set off the apparent 
declination (setting) with opposite sign on the vertical 
'^(''cle, i. e. dip the telescope when the declination is plus 
(north), and elevate the telescope when the declination is 
|>HnuB (south). (5) Level the solar telescope by means of 
"^ attached bubble. (6) Set off a plus vertical angle on the 
Vertical circle equai to the co-latitude of the place. (7) 
™t the A vernier at zero and sight at a point on the true 
"Meridian. (8) Unclamp th',- upper motion, turn the main 
'Otoscope about its upper motion and the solar telescope 
*'*Ont Its polar aiis until tlie Image of the sun is brought 
*** the center of the cross lines in the soiar telescope at the 
*»io tor wblch the dec) nation was comtiMtei, mv4 ^^am.'^ 
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the upper motion. The line of colllmation of the m^ 
telescope will then he in the meridian. (9) Read the he*.; 
Bontal plates. The reading will be the azimuth of the Lf i 
first sighted on. (10) Repeat, using the setting correeponu 
Ing to the time ot observation, until ten values are ob 
talned. It possible make Ave determinations In the A. Jf, 
and five in the P. M., about the same time from noon. Tie 
mean of these observations will eliminate InstrumeDtal 
errors. The most favorable time for making observations 
■with a solar transit is from 8 to 10 A. M. and 2 to 4 P. M. 
(11) Determine the true azimuth of the given line. The error 
of the determination of the meridian should not exceed on« 
minute. Record as in the prescribed form. 



(a) Equipment. — Complete transit, reading glass, hub, ai6 
coloreA eyepiece or colored shade to fit over objective, good 
watcb set to keep fitaadatd tVme, ao\Kt e^^^^m^rls. 
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(b) Pro Went.— Determine a true meridian by a direct ob- 
servation on the sun witli a transit. 

(c) Methods. — (1> Set tlie transit over a liub and ievel up 
Wry carefuily with the attached bubbie. (2) Test tlie ad- 
justments ol the transit very carefuily, and determine the 
index error of the vertical circle. (3) Sight on a horizontal 
mark and read the horijiontal plates,(4) Sight at the sun 
directly, by the aid of the colored eyepiece or colored glass 
'liade, and bring his image tangent to the horizontal and 
vertical wires, (5) Read vertical circle and horizontal 
Wsteg. (6) Reverse the telescope and malse a. &«:cn^& tAi- 
*^rallon the same as the first except ttvat ft\« ^xhi. *>- 
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be in th-e opposite quarter of tbe fleld of view. (7) The meiui 
of tlie vertical and horlEontal circle readings will givB the 
apparent altitude and plate reading of the sun's center. (9) 
Observe the standard time of the observation and reduce lo 
mean Eolar time by adding or subtracting 4 minutes far 
each degree that tbe place of observation is east or west ol 
the standard meridian. (S) Calculate the angle PZS in tbe 
P Z S triangle as shown In the accompanying form. Re- 
traction makes the sun appear too high and it should 
therefore be subtracted. (10) Determine tbe azimuth of tbe 
line from the hub to th« mark and check the obserred 
azimuth. (The quantities given in Saegmuller's "Solar 
Bphemerls and Refraction Tables," mentioned in DIS, will 
suffice.) (11) Where considerable accuracy is desired, mite 
a second observation when the sun Is about tbe same die- 
tance on the opposite side of the meridian. The error o( 
the determination should not exceed 1 minute. 

PROBLEM D18. COMPARISON OF TRANSIT TELE- 



(a.) Equipment. — Five engineers' transits. 

(b) Pro6((7it.— Make a critical comparison of the telescope 
of five engineers' transits. 

(c) Jfefftods.— Follow the methods outlined in the com- 
parison of level telescopes. 

PROBLEM D19. TEST OF A TRANSIT. 

(a) Equipment. — Transit, reading giaes, leveling rod' 
chaining pins, foot rule. 

(b) i*i-o6/em.— Teat the following adjustments of an as- 
signed transit: <1) Test the graduation for eccentri*;"?- 
(2) Test the plate levels to see if they are perpendicular to 
the vertical axis. (3) Test the line of colllmation to see If 
it is perpendicular to the horizontal axis. (4) Test tli8 
horizontal axis to see if it is perpendicular to the vertica' 
axis. (5) Test the level under the telescope to see If the 
tangent to the tube at the center is parallel to the line o' 
colllmation. (6) Test the vertical circle to see if the vemiw 
reads zero when the line of sight is horizontal. 

fe) Jfr/^rfs.— Make the testa as ieattftiei Va. \.^ ftrat part 
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of thia cbapter but do not make any of the adjuatments or 
tamper wlttk any of ttke parts of the Instrument. Check each 
teat. Make a careful record of the methods and errors, in- 
cluding a statement of the manner of doing correct work 
irlth each adiuetment out. 

PROBLEM D20. ADJUSTMENT OF A TRANSIT. 

(a) Equipment. — TraJiBit, reading glass, lereling rod, 
chaining pins, adjusting pin, small screw driver. 

(c) Methods. — Make the following tests and adjustments 
of an assigned transit that has been thrown out of adjust- 
ment by the Instructor: (1) Test the graduation for eccen- 
tricity. (2) Adjust the plate levels perpendicular to the 
vertical axis. (3) Adjust the line ol colllmatlon perpendlcu- 
1«T to tlie horlsmtal ud& (4) Adjtut tbe borlnntal uda poi^ 
liendlcular to the vertical axis. (5) Adjust the level under 
the telescope parallel to the line of colllmatlon. (6) Ad- 
just the zero of the vertical circle to read sero when the 
line of sight Is horizontal. (7) Center the eyepiece. 

(c) Metboit. — Make the tests and adjustments as de- 
Bciibed in the first part of this chapter. Use extreme care 
Iq manipulating the e crews and if any of the pai'ts 
stick or work barshty, call the instructor's attention before 
proceeding. Repeat the teets and adjustments. Make a 
I careful record of metbode and errors. 

I PROBLEM D21. SKETCHING A TRANSIT. 

(ft) Equipmenf.— Engineers' transit. 

(b) Problem. — Make a flrst-class sketch of an engineers' 
tranalt. 

(o) Method*. — (See similar problem with the level.) 

PROBLEM DZ2. ERROR OF SETTING FLAG POLE WITH 
TRANSIT. 

(a) Equipment.— Tr&iiBit, Iron flag pole, fiat stake l"x 2-x 
IS", foot rule. 

(b)PToblem. — Determine the probable error of setting a 
"■S polB with the transit at a distance ol STO Itet. ^^-^wsA. 
J for MO teet 
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(c) Methods.— (1) Set the transit up and eight at tbe flag 
pole plumbed near the middle of the stake at a distance at 
about 3I>0 feet. (2) Measure the distance from the polat oC 
the flag pole to a mark on the stake.- (3) Keep the Tertlcal 
axis clamppd, and move the pole to one Bide. (4) Set tbe 
pole with the transit, and measure tbe dletance from the 
first line. (5) Repeat until at least ten consecutive satis- 
factory results are obtained? (S) Compute the probable 
error of a single observation aod of the mean of all the 
observations (see chapter on errors of surveying), and re- 
duce the mean error to Its angular value. (7) Repeat for 6M 
feet. Determine distances by pacing. Follow the prescribed 



(a) Equipment. — Department equipment, catalogs of the 
principal makers of engineers' transits. 

(b) Prohlem. — Make a critical comparison of the severa) 
types of transits made by the dlflerent makers. 

(c) JfeHioda.— (See eimiiar problem with the level.) 
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CHAPTER VI. ' 
I'OPOOBAFHIC SURVEYIKG. 



Topograpliio Map. — A topographic map la one irbicll 
shows with practical accuracy all the drainage, culture, and 
relief feaj^uree that the scale of the map will permit. These 
features may be grouped under three heads as rnllows: (1) 
the culture, or features constructed by man, as cities, Til- 
lages, roads; (2) the bypaography, or relief of surface forms, 
as bills, valleys, plains; (3) the hydrography, or water 
features, as ponds, streams, lakes. The culture is usually 
represented by conTentional symbols. The surface forms 
are shown by contours (lines of equal height), (a). Fig. 24, 
or hacbures, (b). Fig. 24. The water features are shown by 
soundings. conTentlonal signs for bars, etc. 

Topograpblc maps may be divided into two classes de- 
pending upon the scale of the map. Small scale topographic 
maps are made by the U. S. Coast and Geodetic Survey and 
the U. S. Geological Survey, and are drawn to a scale of 
1:62,500, 1:125,000 or 1:250,000 with corresponding contour 
intervals of 5 to GO, 10 to 100, and 200 to 250 teet. These 
maps show the streams, highways, railroads, canals, etc., in 
outline but do not show any features of a temporary char- 
acter. 
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186 TOPOGRAPHIC SURVEYING. 

Large eoale topographic maps are drawn to a scale c 
feet 10 1 Inch (l:'48O0), or greater, with contour intt 
from 1 to 10 feet depending upon whether the ground i 
or hilly. Ejoada, streets, dwellings, streams, etc., are d 
to eeale. Features too Email to be properly reprea 
■when drawa to scale are drawn out of proportion ti 
Bcale of the map, 

Topographlo Snrrer. — The object of a topographk 
vey is the production of a topographic map. and 1 
-neither time nor money should he wastefuliy expend 
obtaining Held data more refined than the needs of the 
ping demand. A topographic survey may be divided 
three parts: (1) the reconnaissance; (2) the skeletc 
the survey; (3) filling in the details. 

Reconnaissance. — The reconnaissance is a rapid pr 
inary surrey to determine the best methods to use in 
lug the survey and the location of the principal pole 
control. A careful reconnaissance enables the topogri 
to choose methods that are certain, to result in a better 
and a distinct saving of time. 

Skeleton. — There are three general methods of loc 
the skeleton of a topographic survey; (1) tie line si 
with chain only; (2) traverse method with transit or 
pass; (3) trianguiation system, (f), Fig. 30. The 
method Is used for the survey of small tracts. The be 
method, in which the distanc. - are measured with the c 
tape, or stadia, is used on railroad , nd similar surveys, 
third method, in which trianguiation stations are con 
ed with each other and wltii a carefully measured bast 
and base of veriflcatlon. Is used on survjys for small 
maps and on detailed or special surveys, such as sui 
of cities and reservoir sites. 

Filling in Details. — There are three general methods 
ployed for filling in the details: (1) with transit or con 
and chain; (2) with transit and stadia; (3) with plane 
and etadia. The transit and stadia are used by the M 
slppl and Missouri River Commissions. The plane 
and stadia are used by the U. S. Coast and Geodetic an 
U. S. Geological Surveys, 

TopogTAphlc City Swrvey.— A topographic city sun 
oaeotthe best examples ol a Bvit^eij tot a, \M?,fe w!a,la 
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It Is UHually based on a aystem of trlaogulaitioii executed 
"With, precision and conoected with carefully measured base 
lines. The details of tlie Burrey a^e usually taken up in the 
following' order: (1) reconnalsBance and location of trian- 
S^la-tion. stations; (2) meaaurem«n,t of base line and base of 
"ver ill cation; (3) meaBuremort of angles by repetition; (4) 
^»tabU8liment of bencb marks by running duplicate leyels; 
<5) adjustment of angles of triangulation Bystem; (6) com- 
X^utation of aidee, azimuths and coordinates; (T) lllling in 
43otails, usually with, transit and stadia; (8) plotting ot 
"triangulation and other important points on the map by 
irectangular coordinates; (9) plotting the details and com- 
l»lerting the map. The inatructions giren on the succeeding 
l>ages are for a survey of this type. 

HydrogTsplilo Surrey,— Hydrographic surveying is dl- 
■vided into river and marine. The first includes the location 
of bars and obstructions to navigation, and the determina- 
tion of the areas of cross-Bectlon, the amount of sediment 
carried, ertc. The second Includes the making of soundings, 
location of bars, ledges, buoys, etc. The depth of the water 
le determined by making soundings with a lead or rod, 
and the velocity Is gaged by means of floats or a current 
meter, (d), Fig. 31. 

Soundings are located: (1) by two angles read simulta- 
neously from both ends of a line on the shore, (f). Fig. 31; 
(2) by keeping the boat in line with two flags on shore, and 
determining the position on the line by means of an angle 
read on the shore, or by a time interval; (3) by intersecting 
ranges, (g). Fig. 31; (4) by stretching a rope or wire across 
the stream; (6) by measuring with a sextant in the boat 
at the Instant that the sounding Is taken two angles to three 
known pcrfnts on the shore, (c). Fig. 31; the point Is located 
by solving the three point problem graphically with the 
three arm protroctor, (e). Fig. 31; (6) by locating the posi- 
tion of the boat at the Instant that the soundings are taken 
with transit and stadia. The first three methods are used 
on small river or lake surveys. The fourth method is used 
where soundings are taken at frequent intervals. The fifth 
method has been used almost exclusively in locating sound- 
ings In harbors, lakes, and large rivers. The sixth method 
is rapidly coming into general use and promises to be the 
rarorite method. 
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THE STADIA, 

DeBorlptioa. — The stadia Is a device for measuring dis- 
tances by reading «□ intercept on a graduated rod. The 
stadia-hairs, shown in (g). Fig. 27, are carried on the same 
reticule as the cross-hairs and are placed equidistant 
from the horizontal hair. The stadla-hadrs are sometimEfl 
placed on a separate reticule and made adjustable. It is, 
however, considered better practice by most engineers to 
hare lihe stadia-hairs flxed and use an interval factor, 
rather than try to space the hairs to suit a rod or to gradu- 
ate a rod to suit an Interval factor. 

Stadi* Rod*.— Stadia rode are always of the self reading 
type. In Fig. 27, (a) and (b) are the kind used on the U. S. 
Ooaat Survey; (c) on the U. S. Liake Survey; (d) and (c) by 
the U. S. Engineers, A target lor marking on the rod the 
height of the horizontal axis of the transit above the Sta- 
tion occupied is ahown in (f), Fig. 27. 

Theory of the Stadia.— In Fig. 25, by the principles of 
optics, raya of light passing from points A and B on the 
rod through the objective so as to emerge parallel and pass 
through the stadia-hairs a and b. reiapeotlvely, must Inter- 
sect at the principal focal point d in front of the objective; 
therefore the rod Intercept, a ia proportional to the dis- 
tance, g from the principal focal point In front of the ob- 
jective. 

Stadia Formula For Horizontal Line of Sight and Ver- 
tical Bod. — In I'ig. 25, from similar triangles we havf 
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From which 
and 



THBt BTADIA. 



D = k a + (c + f) 



(2) 
(3) 




Stadia Formula For Inclined Line of Sight and Ver- 
tical Rod. — In Fig. 26 we have 

BD = AB cos a (approx.) (4) 

and D = kscosa-f-(c + f) (5) 

but H = D COS a 

k s cos' a + (c + f) cos a (7) 

= ks-kssiii=a + (c+f) cosa (8) 

also V-Dsina (9) 

= kssiiiacosa+(c + 8in a (10) 

^ -4 kssin2a + (c + f) sin a (11 
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time of the Stadia. — The transit Is set up over a. 
Btatloa of known elevation and with a. Kiven direction or 
azimuth to another visible station; the height of the line of 
colUmation ahove the top of the station U determined either 
by holding the rod beside the Instrument and eetling the 
target, cr preferably by graduating one leg of the tripod 
and using the plumb bob; then with the transit oriented on 
a given line, "ahots" are taken to representative points, and 
record made of the rod intercept, vertical angle and azi- 
muth. In reading the intercept the middle hair Is first set 
roughly on the target, then one stadia-hair is set at the 
nearest foot-mark on the rod and the Intercept read with 
the other staiHa-hair, after which the precise vertical anglo 
I3 talcec, and the azimuth is read. 

Bedncing the Note*. — The notes may be reduced by 
means of tables, diagrams, or a special elide rule. The Elldo 
rule Is the most rapid but has the disadvantage that it can- 
not weli be taken into the field. 
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COMPLETE PLANE TABLES 



THE PLANE TABLE. 

Beierlptloii. — The plane table consists of an alidade, 
carrying a line of sight and a ruler with a fiducial edge. The 
alidade is free to move on a drawing board mounted on a 
'Mpoii. The drawing board is leveled hy means of plate 
levels. The line of sight should make a fixed horizontal 
^*Sle with the fiducial edge ol the ruler. The complete 
Plane table la a transit in which the horizontal Itmb has 
beea replaced by a drawing hoard. 

There are tbree general types of plane tables: (1) the 
*^OaBt Surrey plane table, (a) Fig. 28; (2) ths Johnson plane 
***»le, (b). Fig. 28; (3) the Gannet plane table, (dj, Fig. 29. 

tl'se of tbe Plane Table. -In making a survey with 
^'te plane table the angles are measured graphically and 
tt>e lines and points are plotted in the field. The principal 
"Methods o( making a survey with a plane table are: (1) 
''^^latlon; (2) traversing; (3) intersection; (4) resection. 

itadiation. — In this method a convenient point on the 
Paper is set over a selected point in the Held, and the table 
*^Ia-rnpei The line of sight Is then directed towards eacli 
P^lnt to be located in turn and a line is drawn along the 
^ducial edge of the ruler. The distances, which, may be de- 
**riiiined by measuring with chain, tape or stadia, are 
Plotted to a convenient scale, (a), Fig. 30. *, 

TTaverainff.—ThiB method i« pr9f?ticaUy the same ba tra»- 
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ersing witb a trtLnsit, (b) Fig. 30. Care should be us^^ 
In orienting tbe plane table to get tbe point on the pap^r 
over tbe corresponding point on the ground ae nearly as tta- ^ 
character of the worit requires. 

Intergectioii. — In this method the poiints are located by !«:»' 
tersecting lines drawn from the enda of a measured ba^*^ 
line, (c), Fig. 30. 

lieseHioH. — In the resection method the plane table is s-^st 
up at a random point and oriented with respect to eith^^'' 
three or two given points, which gives rise to two methoc^*' 
known respeotlvely as the three-point and two-point pro"*^ 

Three. Point Prob/em.— Where three points are located C*" 
the map and are visible hut inij:ceaaible, the plane table *' 
oriented by solving the "three point problem". There a*^ 
aeveral solutions, the beet known of which are: (1) t*»' 
mechanical solution; (2) tbe Coaat Survey solution; C^' 
Bessel'a solution; (4) analytical solution. The problem 
■indeterminate ir a circle can be passed through the taW 
points. 

In the mechanical solution the two a-ngles subtended IW 
the three points are plotted graphically on a piece' ol trac- 
ing paper, and the point Is located by placing tbe tradU 
paper over tbe plotted poitila. 
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Id Beaaell'B eolutloa, {d), Fig. 30, a, b, c are three [lointa 
>& tbe map correspoDding to the three points, A, B, C on 
b^e ground, and D is the random poiint at the Instrument 
"'hose location, d, it la desired to find on the map. Con- 
truct the angle 1 with rertex at point c aa follows: Sight 
'long the line ca at the point A, and clamp the vertical axis. 
[*h«n center the alidade on c and sight at B b}r moving the 
■■Udade, and draw a line along the edge ol the ruler. Con- 
'truetfhe angle 2 wlti vertex at a In the eaine manner. The 
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144 TOPOGRAPHIC SDRVBTINQ. 1 

line Joining b and e will pass through the point d required. 
Orient the board by sighting at B with the line ot Bigbt 
aioDg the line e b, and locate d by resection. 

Tiro Point Problem. — To orient the board when onlj two 
points are plotted, proceed aa follows: Select a fourtli 
point, c, that is Tl^t)le, and with these two points ss ti)« 
ends of a base line, (e). I^g. 30, laid off to a convenient 
scale, locate two points a' and b' on the map by intersec- 
tion. The error of orienting the hoard will t>e the angle 
between the lines a, b and a' b'. The table can now 
oriented and the desired point located on the board by re- 
Bection. 

AdjnstiuentB. — The adjustments of the plane table a 
<1) the plate levels; (2) the line of collimation; (3) the 
horizontal axis; (4) the attached level. These adjustments 
are practically the same as those for the transit. 

THE SEXTANT. 

DescTlptlon. — The sextant con^sts of an arc of 60°, 

with each half degree numibered as a whole degree, (a), Fig. 
31, combined with mirrors so arranged that angles can be 
measured to 120°. 

Theory. — The principle upon which the sextant is con- 
Btructed la that if a ray of light Is reflected successively be- 
tween two plane mirrors, the angle between the flrat and 
last direction of the ray Is twice the angle of the mirrors. 

In (b), Fig. 31, the angles of incidence and reflection 
are equal, 

E= (i + r) — (i' +r')-2(r-r') 
C' = (00»^i') — <90° — r)-(r— r') 
and therefore E = 2 C' 

bnt C = angle CIC, by Geometry, since the 

mirrors are parallel for a zero reading, 

Use of the Sextant.— To measure an angle between two 
objects with a sextant, bring Its plane into the 
plane of the two objects; sight at the fainter object with the 
(eleacope and bring the two Imagef \tvUi «itaii\4*ivce. The 



THE SEXTANT. 




Fig. 31. 



reading Is the angle sought. The angle will not be Lht tnia 
borizODtal angle between the ohjects unless the objects are 
in the same level with thp observer. Since die true vertex 
ot Ibe measured angle shifts for dlflerent angles, the sextant 
should not be used for measuring small angles between ob- 
Jecla near at hand, 

Adjnitmeitta. Index Glass. — To make the Index 
glaes, I, perpendicular to the plane of the limb, bring the 
TWnier to about the middle ot tbe otd aai ft-iL.'a.m.'Lt& V^i.^ ^isa 
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and tts image in Uie index glass. It the glass Is perpendicu- 
lar to the plane of tlie limb, the Image of the reflected aad 
direct ixntionfi will tonn a continuous cnrve. Adjust tha 
glass by means of the screws at the base. 

Hari'ion Ghtst. — To make the horizon glass, H, parallel 
to the index glass, I, for a lero reading. With the Termer 
set to read sero, sight at a star and note if the two Imigis 
are In exact coincidence. If not, adjust the horizon giDK 
until they are. If the horlson glass cannot be adjusted, 
bring the Images into coincidence by moving the arm and 
read the remier. This reading is the Index error wblch 
must be applied with Its proper sign to all the aogles 
measured. 

Line of CollimatiOtt.— To make the line of collimatloD 
parallel to the limb. Place the sextant on a plane Burlaw 
and sight at a point about 20 feet away. Place two olijeew 
of equal height on the extreme ends of the limb, aud note 
whether both lines of sight are parallel. It not, adjust tbe 
telescope by means of the screws in the ring that carry it 

PROBLEMS IN TOPOGRAPHIC SURVEYING, 



(a) Egiiipmeiit. — Complete transit. Btadia rod. steel tape, 
set chaining pins, toot rule, 

(b) Problem. — Determine the stadia conatants c, f and k 
for an assigned transit, 

(c) ilctlmds. — (1) Set up the transit and set ten chaining 
pins in line about 100 feet apart on level ground. (2) Plumb 
the stadia rod by the side of the first pin. (3) Set the lower 
hair on an even foot or half foot mark Iteeping the telescope 
nearly level, and read the upper stadia-hair. (4) Record 
the intercept. (5) Read the intercept on the rod at the re- 
maining pina, (6) Measure the distance from the center of 
the transit to each pin with the Erteel tape. (7) Focus the 
objective on a distant object, measure f (the distance from 
the plane of the cross-hairs to the center tA the objective), 
'.nd c( the distance from the center of the objective to the 
enter of the instrument). (.81 Calculate the value of the 
«rf/a rtLtio, k, tor each dlatance Xi-s svi'osi.'iV'aWdft \ti ^\.» 

.ooxic 
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fundamental stadia fomiulaJ (9) Take the arlthmeUiiil 
mean ot the ten dertdrmlnatlonB as the true value. (10) Cnn- 
pute the probable error ot & single observation and oC tlie 
mean of all the observations. The Interval factor Aould 
be determined by the Instrument man under the condition! 
of actual work. The determination should be checked at 
frequent Intervals during the progrese ol the field work. 
Follow the prescribed form. 



Stadia Reduction TABi.e 1 


IC+fJ 


■ I.Zflfce K-II5.T5 D = K5 + (c+fJ 


-D'-Kcffl 


























5 












e.oi 


/.£ 


1 




16 






m 


J.^ 




T 


34.7 


2 
J 


ISI.S 

sin 




M 








46.3 










S.9 




> 


ST.9 


5 


jm 












69.-f 




6MS 




















00 










a 


S26.ll 




<ii 


lOA 




9 


104-Z 










11.6 


' 




liS.e 


10 


iisr.s 



PROBLEM E3. STADIA REDUCTION TABLE. 

(a) Equipment. — (Nto Instnimenjtal equipment required-) 

(b) Problem. — Compute a 3ta41a reduction table giving tM 
horlBOntal distances fi-om a point in front of the obJectiTS 
equal to the principal focal distance for the stadia imtervul' 
(rom 0.01 feet to 10 feet, for the transit used in Problem BL 

<c) Methods.— {!) Prepare form for calculation. (2) Coffl- 
pute the horizontal distances by substituting the different 
values ot s in the stadia formula. Compirte D'*for values pf 
B varying- from 0.01 foot to 0.1 ,foot varying by 0.01 foe*! 
trom 0.1 foot to 1 foot varying by 0.1 foot; and from 1 toot 
to 10 feet varying by 1 foot, 

(To use the table, lake the sum ot the values of D" cor- 
responding to the uults, tenths and hundredths of s as given 
tie table. To the value c* D' Alwift tAAaViiei ^4 1 ^Ins f.) 



(4) Equipment.— Complete transit, stadia rod, steel pocket 
ipe. 

(b) Problem.— Hake a traTeree ol tbe perimeter ot an as- 
Igned field with a transit and stadia. 

(c) Jfetftods.— (1) Set the transit over one coroer ol the 
eld and set the A vernier to read the back azlmutb ot tbe 
receding course. (2) Sight at a stadia rod held edgewise on 
le last station to the left with the telescope normal, and 
amp the lower motion. (3) Read the intercept on the rod 
I tbe nearest 0.01 foot (4) Sight at the target set at height 
' first station and read the verticalangle to the nearest min- 
«. (Tlie obaerver should measure the height of the hori- 
<mal axis above the station with the Bteel pocket tape, or 
iB tripod leg may be graduated and the instrument height 
itermtned by swinging the plumb bob out against the leg.) 
') Unclamp the upper motion, sight at the next station to 
'©right and clamp the upper motion. (6) Read the A ver- 
■OT, (this will be the azimuth of the course). (7) Read the 
'terc^ on the rod. (8) Measure the vertical angle by 
ehting at the target wt at the height of tbe horizontal 
Waaa before. (9) Set the transit over the next station to 
iG right and dertermine tbe intercepts and vertical angles as 
t the first station. (10) Determine the stadia intercepts and 
^Ical angles at the remaining stations, parsing around the 
SM to the right. (11) Reduce the intercepts to horizontal 
Istaneee before rwoording. (12) Compute the vertical dlf- 
^encea in elevation usini; mean distances and vertical 
nglee. (13) Compute latitudes and departures to tbe near- 
st toot using a traverse diagram or traverse table. Follow 
Ornj B4. (14) Compute the permissible error of closure 
''the traverse by means of Baker's formula (see chapter 
1 errors of surveying), using "a" equals one minute times 
'Juare root of number ot sides, and "b" equals Ir&OO." It 
onaistent. distribute tbe errors In proportion to tbe several 
Witodee and departures, respectively. (1.5) Compute tbe 
"^ by means of latitudes and departures, and reduce to 
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(a) Egufpnient— Plane table, stadia rod, 2 flag poles, engin- 
eers' divided scale, drawing paper, 6H pencil. 

(b) Problem. — Make a survey of an assigned field by radi- 
ation wiih tlie plane table. 

(c) Methods.— 11) Set tte plane table Up at some conven- 
ient point in the field and select a point on the drawing 
board that will allow the entire field to be plotted on I 
paper. (2) Sight at one ol the etationa with the ruler Ci 
tered on the point oa the paper. (3) Draw a lice along the 
fiducial edge of the ruler towards the point. (4) Measure 
the distance to fie point with the Btadia. (5) Liay off the 
distance on the piper to the prescribed scale. (6) Locate 
the remaining points In the same manner. (7) Complete 
the map in pencil. The map should have a neiat title, Ecale, 
meridian, etc. (3) Trace the map on tracing linen. (9) 
Compute the area by the perpendicular method, scaling (he 
dimensions from tbe map. 



(a) Equipment— Plane table, Eitadla rod, 2 flag poles, engin- 
eers' divided scale, drawing paper, 6H pencil. 

(b) Problem.— Hake a survey of an assigned field by tra- 
versing with the plane table. 

(c) Methods. — Follow the same general methods as thoae 
given for traversing with the transit. Adjuat the plane 
talDle before beginning the problem. Complete the map anfl 
compute the area as in Problem E4. 



(a) Bijp(i7Jiiicji(.— Plane table, 2 flag polee, engineers' divid- 
ed scale, drawing paper, 6H pencil. 

(b) Priibleni. — Make a survey of an assigned field with the 
plane table by intersection. 

(c) Nellioia.~(l) Select and measure a base line having 
both ends visible from a\\ t^a sVaUon* \iv\;ia ft«ld, (2) Set 
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tbe plaoe table over one end of the base, line, sight at 
the atli«r end of the base line and at each one of the 
atationa of the field. (3) Set the plane table over the other 
end of the base line, orient the in'strument by aightlng at 
the station first occupied and sight at all the stations ir. the 
field. (4) Complete map, and compute area as In E4. 
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<a) Equipment. — Plane table, 2 fiag poles, engineers' divid- 
ed acale, 6H pencil. 

(b) Profitem. — HavlDg three points plotted on the map, re- 
quired to locate a fourth point on the map by solving the 
"three point problenri" with the plane table, 

(c) jtfrthods.-^(l) Use Bessell's solution. (2) Check by 
using the mechanical solution. 



(a.-) Equipmrnt—S^TLisint. 2 flag poleB. 
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(b) Problem. — Measure the anslee of an assigned triangle 
wllh tbe sextant. 

(c) jUcHiods.— (To determine index error, sight at a die- 
taut object and bring the direct and refiected images into 
coincidence. Tbe reading of the vernier will give the index 
error, wtalcb, with proper sign, must be applied to all angles 
measured.) (1) Set the flag poles behind the monuments 
at two of the vertices of the triangle acd stand on tbe 
monument at the third. (2) Hold the plane of the sextant 
horizontal, sight at one flag pole directly with the tele- 
scope and bring the image of the other flag pole into coin- 
cidence by moving the arm. (3) Raad the venier, and cor- 
rect the angle for index error. (4) Repeat the measurement 
with tha sextant inverted. Take the mean of the two read- 
ings, which should not differ more than 3', as the true value 
of the angle. (5} Measure the other angles in tbe Bame 
manner. The error of closure should not exceed 3'. Record 
the data In prescribed form. 

PROBLEM E9. DETERMINATION OF COEFFICIENTS 



(a) Equipment. — Steel tape, spring balance, 2 thermom- 
eters, steel rule. 2 stout stakes, axe, 2 pieces sheet zinc 2 by 
2 inches. 

(b) Problem. — Determine the coetticients of expansion, 
stretch, and sa.g of an assigned tape. Make three deter- 
minations of each, and take the arithmetical mean as the 
true value. 

(Standard Topes.— In laying off a standard or mea.3uring 
a base line where a high degree of precision is required it 
is important that all measurements be referred to the same 
Standard. The Bureau of 'WelghtB and Measures of the U. 
S. Coast and Geodetic Survey. Washington, D. C, will com- 
pare a tape with the government standard for a small IM. 
The tape tested is certified to be of a given length (or » 
given temperature and pull. Por example the Standard tape 
marked •'U. S. W. & M. 215" used in laying oft the 100-tt 
standard in Problem A. 23, vrKB certified to be 99.9967 feet 
long at a temperature of 62° F. and a pull of 12 pounds, when 
tested on a plane surface. The coeftioient of expansion of 
this tape was O.OOOOOGl per degree F.) 
(c) Methods. — (1) CorrecHon for EniansUjiv.— HL-ftaeute th* 
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jgnftli of th« laps on a plane surface M two dltferen't tern 
peratures but wMih a constant pull determined by a spring 
balance. Tta«i substitute the lengths, 1 and I., and tem- 
peratures, t and T, In the formula 

l_L = e(t— T)l 

where e Is tihe coefficient of expansion. Repeat the test 
and Obtain three values of the coetClclen't e. As largo a 
range of temperature as possible should be secured. Take 
the arithmetical mean of the three determinations as the 
true value. 

(2) CorredUm for Sfretcft.— Measure the length of the tape 
on a plane surface with two difFerent pulls but at a constant 
temperature. Determine the pull with a spring balance. 
Then substitute the lengths, 1 and L, and the pulls p, and P, 
In the formula 

l-.L = s(p-P)I 

where s is the coefficient of stretch. Repeat the test and 
obtain three ralues of the coefficient s. The pulls should 
range from ID to 40 pounds. Take the arithmetical mean 
of the three determinations as the true value. 

(3) Correction for Sag.—'Remove the handles fi-om the taps 
and determine its weight very carefully. Divide the weight 
by the lengtti to obtain the weight per foot, w. Drive two 
atout hubs a little less than 100 feet apart and fasten a piece 
of sheet zinc with a linie ruled at right angles to the tine on 
the top of each stake. With a pull of 10 pounds, as deter 
mined by the spring balance, measure the distance between 
the stakes. Calculate the corrRcUon for sag by substituting 
the lengths, 1 and L, pull p, and weight <per foot w, in the 
formula. 
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Repeat the measurements using a pull of 20 and 30 pounds. 
respectively. Add the corrections for sag to each measure- 
ment and compare the results. The temperature should re- 
main COTistant during the tests. To remove the possibility 
Qt an error due to temperature, observe tUe tem'^w^lvna «t 
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the time of eaob. cfbservatlon and correct the obeemi ■ 
length for eipacBlon before subBtRutlnK in tli« formula. 

Report the methodG, data, computations and results on a 
suitable form. 

PROBLEM ElO. MEASUREMENT OF BASE LINE. 

(a) Equipment. — Standard tape, transit or level, stakes 
(number and size to be speolfled by Instructor), aze. spring 
balance, 2 thermometers, lath Btaliee, 8^ nails, steel rule, 
pieces sheet zinc 2 by 2 inches. 

(b) Problem.— Maaanre an aasigned baae line with a stan- 
dard tape. 

(c) Methods.— (.1) Set the transit over one end of the base 
line, sight at the other end and determine the dlfterence 
In elevation and grade. (2) Drive fitout square stakes to 
grade, hy "shooting" them In with the Instrument In true 
line, a little lees than a full tape length apart Tbe 
top of the lowest stake should iiot be less than 6 Inches 
above the eround. (3) Fasten a piece of sheet zinc, with a 
fine line ruled ait right angles to the direction of the base 
line, on the top of each stake. (4) Drive lath stakes In line 
about 20 feet apart. (5) Drive an 8-d nail through 
each lath stake at grade to support the tape. (6) Measure 
from stake to stake, the men working aa follows: No. 1 
plumbs up from the rear monument or holds the zero on 
the mark on the rear stake; No. 2 takes the spring balanee 
and puts a pull of 16 pounds on the tape; No. 3 reads the 
tape and measures the fraction ol a tenth with a steel 
rule to 0,001 feet; No. 4 records the reading of the tape and 
reads the two thermometers placed at the quarter points 
of the tape. (7) Obtain at least three determinations of the 
length ol the base line. (8) Correct each measurement rt 
the base for standard, expansion, sag, Stretch, and slope 
(see problem on coefficients of a tape). The three meaaare- 
menia should not differ more than 1:100,000. Report 
methods, computations and results on a suitable form. 

PROBLEM Ell. CALCULATION OP TRIANGULATION 

SYSTEM. 



(a) i7(7Ki;imeii(— Seven-p\ac,fe ta.\i\ft ot losarlthms. 
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(b) Erofilem. — Adjust and calculate an assigned trian^la- 
tlmi ayatem and plot tlie skeleton. 

(c) MethoiB. — Obaerve the following program: (1) 
prepare forms lor calculation and tranaerlbe data; (2) ad- 
]uBt tbe angles of tbe tiiangulation system (see chapter on 
vrrors of surveying); (3) calculate the front and back azi- 
muths of each line; (4) beginning with -the base line com- 
pute tbe Bides, to the neareBt 0.001 foot; (5) calculate ibe 
htltudes and departures to the nearest 0,001 foot (6) cal- 
culate the coordinates of the trlangulation Btatlons to tbe 
neanet 0.001 foot In computing the coordinates of the 
it&tionB take the mean of the values found by talcing the 
dWerent routes from the base line a& the true value. (7) 
Plot the skeleton of the triangulatton system to the pre- 
Mribed scale by means of the coordinates of the points. 
Check by lengths of sidea. Use steel straight edge. 

PROBLEM E12. SKETCHING TOPOGRAPHY. 

(b) Bgaipment. — Small drawing board or plane table, plat 
otuBlgiied field, 1H pencil. 

(b) Problem. — Sketch in the roads, walks, buildings and 
•reboot contourB on the plat of the assigned field by eye 
iartng glTeu the elevations of tbe ruling points. 

(c) Jfrtftod*^(l) Transfer- from the level notes to tbe plat 
tte eleratlons of the ruling points of the Held. (2) Locate 
tlia roads, buildings, etc., on the map as nearly as possible 
ta their relative positions (the topoEraphers' estimate of 
liituice should be frequently checked by pacing). (3) 
Utnate the slopes and locate tbe contour points between 

« points of known eleration. (4) Join these points by 
MWth curved lines. (5) Finish the map In pencil, putting 
1 a neat title, tbe scale of the map and a meridian. (6) 

.Compare the finished map with a contour map furnished by 

tte hutmctor. 



(a) Equipment. — Complete transit, 2 stadia rods, pocket 

(b) ProBlCTi.— Locate the topographic details of an aa- 
rigned area yfitb tbe transit and stadift. 
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(c) JAeiftois.— (1) Set transit up over aeslgned trianfU- 
lation or other point. (2)0rtent instrument, 1. e. set p1at«) 
to given azimuth and sight at given back sight (3) Heasnrc 
height of axis above station hub with tape or by graduatjons 
on tripod leg, and set target to correspoDd. ^4) Take Ebot 
on given back sight and reduce results as a check before pro- 
ceeding. (The program for each shot is: (a) set middle 
hair roughly on target, then set one stadia hair on nearut 
toot-mark and read intercept; (b) set middle hair preolBSly 
on target and signal rodman "all right"; <c) read vertical 
angle; (d) read azimuth.) (5) Take side ehote to represen- 
tative points, keeping In mind the scale of the proposed 
map. Select points according to a systematic plan, follow- 
ing along ridges, gullies, etc. Contour points should be taken 
with reference to change of slope. (6) Reduce and plottb* 
notes, and Interpolate the contours, as In the accompanying 
diagram. (This topography sheet should be carefully pre- 
aerved for use in Problem E15.) (7) After completing th« 
survey at the assigned station, move the instrument ahead 

o a new stadia station, taking both tore and back Bigbts. 

i) Lose no opportunity to take check sigtits at other trUa- 

ilatlon statioDB, traverse polnte, ete. 
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(a) Equipment.— Comvlels plane table (preferably with 
prismatic eyepiece), 2 stadia rods, engineers' divided scale, 
drawing paper, 6H pencil, pocket tape, 

(b) Proftiem.— Locate the topographic details of ac as- 
slKD«d area with the plane tatile and stadia. 

(c) if etAod*— Follow the same methods as In Problem E13 
except that the notes are to be plotted on the drawing paper 
In place of being recorded In. the Seld book:. Mark the points 
by number and write the elevation of eath point under the 
number In the form of a fraction. Locate the contour polats 
by Interpolatloa on the map and connect the points by 
smooth CMirrea. Complete the map lo. pencil and make a 
tracing It required. 
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PROBLEM B15. TOPOGRAPHIC SURVEY. 

(a) £7uipmen(.— Complete transit, 2 stadia rods, stakes, 
bubs, spring balance, pocket tape, stadia slide rule, eeven- 
place logarithm table, (extra trlpoda, stadia reduction table. 
Stadia reduction diagrams, etc, as required), 

(b) Problem. — Make a complete topographic survey of an 
assigned area and make a topographic map. 

(c) Methods— [1) Make a reconnaissance and locate the 
trlangulation stations. Care sliould be used to select the 
trlangulatioQ stations so that the sights will be clear and 
the triaDglee well formed. A system composed of quad- 
rilaterals or more complicated figures will give more con- 
ditions and checks than a simple String of triangles. A 
system composed ol simple triangles is suCFlclent for this 
survey. (2) Mark lihe trlangulation stations with gas pipe 
monuments about 4 feet long, the exact point being marked 
by a hole drilled In a. bolt screwed Into a cap on the top of 
the gas pipe. (3) Measure tbe base line and base of veri- 
flcation as described in Problem ElO. (i) Measure the 
angles by repetition as described in Problem D13. (5) Cal- 
culate tbe skeleton as described iji Problem Ell. (6) Eatslv 
U^ permanent bench marks and determine their elevations 
and the elevation of the stations of the trlangulation sys- 
tem by running duplicate levels with the engineers' level, 
reading the rod to 0.001 foot. (7) Fill in the details wltb 
either tbe transit and stadia or the plane table and stadia, 
or botb, as described in Problems E13 and E14. (8) Com- 
plete the map in pencil on manila paper, and after it lias 
been approved by the Instructor trace it on tracing linen. 
The title, meridian, scale, lettering and border should re- 
ceive careful attention. 
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CHAPTER im. 
I.A]n> SURVEYING. 



Klnda of Burvers. — Surreys of land are of two kinder 
<a) original suireys; (b) reeurv«;B. 

Original SnrveyB. — An original survey is made for the 
purpose of establishing monumente, corners, lines, bound- 
aries, dividing land, etc. The survey of a townslte and tlie 
government survey of a section are examples of original 
surveys. 

ReinrreyB. — A reeurvey is made for the purpose of iden- 
tifying and locating corners, monuments, lines and bound- 
aries that have been previously established. The renurvey of 
a city block, or a survey to relocate a section corner are 
examples of resurveys. 

FnactloaB of a Surveyor. — In an original survey it is 
the function of the surveyor to make a perfect survey, es- 
tablish pea-manent monuments and true markings, and make 
a correct record of his work in the form of field notes and 
a plat 

In a resurvey it is the function ot the surveyor to find 
where the monnmentB, courses, lines and boundaries orig- 
inally were, and not where they ought to have been. Fail- 
ing in this It is hie business to reestablish them as nearly as 
poseible in the same place they were. No reestablished 
monument, no matter how carefully relocated will have tbe 
same weight as tlie original monument if the latter can be 
found. In making resurveys the surveyor has no official 
power to decide disputed points. He can iict only as an 
expert witness. It the Interested parties do not agree to 
accept his decision the question must be settled in the 
courts. 

Ridea for Resurvey ■-—The following rules may be safe- 
ly observed In making resurveys. 

(1) The descriptions of boundaries in a deed are to be 
taken as most strongly against the grantor. 

(S) A deed Is to be construed so as to make it effectual 
rather than void. 

(3> The certain parts of a description are to prevail ov 
tbe uncertaJn. 
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(4) A conT«}«iice hy metes and bounds will convey all 

the land inclQd«d within. 

;5> Monuments determine boundaries and transfer all 
the land included. 

(6) When a survey and ft map dlsaeree the survey pre- 

(7) Marked lines and courses control courses and dls- 

(8) The usual order of calls In a deed is: natural ob- 
jects, artiflcial objects, course, Mstance, quantity. 

(9) A Ions eetabllshed fence line Is better evidence of 
actual boundaries than any survey made after the monu- 
ments ^ * the original survey have disappeared. 

(10) A resurvey made after the monnmentB have disap- 
peared Is to determine where ttey were and not where they 
ought to have been. 

(11) All distances measured between known monuments 
are to be pro rata or proportional distances. 

If the above rules do not ■•over the case In question Bpe- 
clal court decisions on that particular point ^ould be ctm- 
auHed. 



Hiatoiieal. — The United States rectangular system of 
subdividing lands was adopted by congress May 20, ITSn. 
The first public land aurveye were made in the eastern part 
of the present state of Ohio under the direction of CapL 
Thomas Hutctolns," Geogrttpher of the United States, and 
were known as the "Seven Rangeo". The townsihips ware \ 
six miles square, and were laid out in ranges extendi 'E 
northward from the Ohio river; the townships were n 
bered from south to north, the ranges from east to t 
In these initial surveys only the exterior lines of the towB- 

. : - 

•The earliest published reference to the rectangular sjf 
tem of land surveys Is found in an appendix to "Bouqupt"! 
Marrfi," published in Philadelphia. 1764. Hutchins *» 
engineer with this expedition to the forks of the Muskingum 
river, and wrote the appendix. (See reprint by RoM- 
Clarke, Cincinnati.) 
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^^i^ftft were run. but mile comerB were established on the 
townebip lines, and sections one mil« square wero mtirked 
on tie plat and numbered from 1 to 36, commencing wilii 
section 1 in the southeast corner and running from 
I south to north in each tier to 36 in the northwest section. 
The act o( congress approved May 18, 179S. provided tor 
the appointment of a surveyor general and changed the law 
I relating to the surveys of pubiic lands. Under this law the 
I townships were subdivided into sections ty running paral- 
I lei lines two miles apart each way and setting a corner at 
I the end of each mile. This law also provided that the hec- 
Uone be numbered beginning with section 1 In the north- 
I eaot corner of the township, thence west and east alter- 
nately to 36 in the southeast corner. This is the method 
ot numbering stilt in use, shown in Figs. 33 and 34. 
I The act of congress approved May 10, 1800, reiuired that 

townships be subdivided by running parallel lines through 
(he same from east to west and from soiith to north at a 
distance of one mile Erom each other. Section corners and 
half section corners on. the lines running from east to west 
were required to be set. The excess or deficiency was to be 
thrown into the north and west tiers of sections in tie 
townships. 

The act of congress approved February 11. 1805, required 
Oiat interior section lines be run every mile; that corners 
be established every half mile on both township and sec- 
tion lines; that discrepancies be thrown on the north and 
west sides of the townsliip. This act of congress further 
provided "that all corners marlted in the original surveys 
shall be established as the proper corners of sections, or 
subdivisions of sections; and that corners of half and 
quarter sections not marlced shall be placed as nearly as 
possible "equidistant" from those two corners which stand 
on the same line. The boundary lines actually run and 
marked shall be established as the proper boundary lines 
of the sections or subdivisions for which they were Intend- 
ed; and the length of such lines as returned by the surveyor 
shall be held and considered aa the true length thereof, and 
the boundary lines which shall not have been actually run 
and marked as aforesaid shall be ascertained by running ^ 
straight lines from the established corners to the oppoal 1 
eorreapoadlDg corners." Under tWa \a™ , ■w^Vtii. \si ^Nv I 

^ rJiJ 
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eotablished nile of procedure, each reported distance 1* 
tween esteblislied monumenta is an Independent unit (rf 
measure. 

The revised instructions issued in 1855 required that tit 
sections be subdivided as shown in Fig. 33. The full llaM 
representing "true" lines, are parallel to the east eiteriw 
lin« of the township, and the dotted llnee, repreeentlDK 
"random" lines, close on corners previously established. 
The order of the survey of ihe interior aection lines U In- 
dicated by the small numerals. Double corners on tlu 
north and west township lines, which were common in t) 
earlier surveys, were thus avoided in the revised practi* 
Xawa Inconsisteiit. — It is obviously Impossible to pn- 
eerre a true rectangular aystem on a spherical anrface, at- 
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Ug to the convergencr at merfdlans.* To harmonize the 
nethods of making BurverB, the General land Office has 
ssued isBtructions lor the Burrey oC public lands from time 
o time. 

DETAZI.8 OF SUKV£Y.^The details of the Burrey afe 
«ken up in tiie following order: (1) eelectlon of Initial 
Miints; (2) establishment of the base line; (3) eetabllsfa- 
iient of the principal tnerldian; (4) running standard paral- 
els; (G) running the guide merldlanB; (6) running the 
x>wnsh1p exteriws; (T) subdiTiding the town^Ip; (S) 
xieandering lakes, rivers, streams, etc. See Figs. 32 and 33. 

Initial Fainti.— Initial points from which to Start the 
Survey are eetahllshed whenever necessary under special 
instructions prescribed by the Oommlssioner of Uie General 
Land Office. 

Base Iiine. — The base line is extended east and west 
trom the initial point on a parallel of latitude. The proper 
township, section and quarter corners are establls'hed and 
meander corners at the Intersection of the line with all 
tneanderable streams, lakes, or bayous. Two sets of chain- 
tnen are employed and the mean of the two measurements 
ta taken as the true value. When the transit is used, the 
base line — which is a email circle parallel to the equatoi^ 
Is run by making offsets from a tangent or secant line, the 
direction of the line being frequently checked by an observ- 
ation of Polaris. * 

Principal Merldiam.— The principal meridian Is extend- 
ed either north or south, or in both directions from the 
Initial point. on a true meridian. The same precautions are 
obsMVed as in the measurement of the base line. 

Standard Parallels.— Standard parallels, which arc also 
called correction lines, are eiitended east and west from the 
principal meridian, at intervals of 21 miles north and 
south of the base line. They are surveyed like the base line. 

Onide Keridiana. — Guide meridians are extended north 

•The angular convergency, o, of two meridians Is m sin L, 
where m is the angular difference of longitude of meridians 
and L is the mean latitude of the two positions. The linear 
convergency, c, for a length. (, is ( sin a. For latitude 40°, 
tbe difference between the north and south sides of a town- 
ship is D.60 chains. 
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from iChe base Iin«, and standard parallels, at intervals of 
24 miles east and west from tbe principal metridlan, Id ttie 
manner preecribed for runalng the principal meridlan- 
Wben existing conditions require tliat guide meridians sball 
bo run soutli from the base or correction lines, they are 
Initiated at properly established closing comers on Buch 
lines. 

Towiuhlp Exteriors. — The township exteriors in a tract 
24 miles square, bounded by standard lines, are surveyed 
successively through the block, beginning witli the aouth- 
WBatem township. The meridional boundaries are run flnit 
from south to north on true meridians with permanent cor- 
Rrs at lawful distances; the latitudinal boundaries are run 
om east to west on random or trial lines and corrected 
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Fig. 34. 

back on true lines. Allowance for the convefgencr of 
meridians is made whenever necessary. 

Townahip Snbdivliion. — A true meridian is established 
at tbe BOutheaat comer of the township and the east and 
south boundariea of section 36 are retraced. Then begin- 
ning at ISie corner to sections 35 and 36 on tlie southern 
boundaiT, a line is run north parallel to the township line, 
com«irs are established at a distance of 40 and SO chains; 
from the last named comer a random line Is run eastward, 
parallel to the south boundary line of seetion 36, to Its 
Intersection with the east boundary of the t^^wnshlp. A 
tempomry comer is set at a distance of 40 chains, and a 
: comer Is afterwards establisbed midway be- 
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Fig. 35. 



tween the two permanent corners. The other corners art 
located in a similar manner, as shown in Fis. 33, Tiie llnM 
closing on the north and west boundary lines of the town- 
ship are made to close' on the section corners already es- 
tablished. A theoretical towns'hip with perfect subdlrisloiB 
is shown in Fig. 34. 

Meandering.— Navigable rivers and other streams haT- 
ipg a width of three chains and upwards are meandered on 
>oth banks, at the ordinary bigli water Mne by taking the 
neral courses and distances ot their rinuosiUes, The 
Banders o( all lakes, navigable bayoua, and deep i>onds o( 
> Area, ot twenty-five icres a-Tid w^^iaiia -Kt* ww^a^ed ai 
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Fig. 36. 

Erected for navigable streame. Meander comers are estab- 
lished where meander lioee oross base linee, townstilp lines, 
«r secticm Ilnea, 

8a1)diTi*loti ot Se«tioiiB.— In Fig. 35. (a) gives the sub- 
division of an interior section, (b) ot section 3 on the north 
aide, (c) of section 7 in the west tier, and (d) o! section 6 
In the northwest comer, 

Deacriptiom of Iduid. — ^Land la described In the rectan- 
gular ayfftem by giving its Icca-tion In a civil township; tor 
example. In Fig. 36, the northeast quarter, containing 
160 acres, would be described as: N U'^, Sec. 8, T 19 N, 
R 9 E, 3 P. M . The ten acre lot indicated in the northwest 
quarter would be described as: S E K, N W 14, N W i^, 
S«j. 8, T 18 N, R 9 E, 3 P. M. 

Comers. — The corner monuments may be as follows: 
(a) Btono wtth pits and earthen mound; (b) stone with 
mound of stone; (c) stone with bearing trees; (e) post in 
mound of eartti; (f) post In mound of stone; (g) post with 
bearing trees; (h) simple mound of earth or stone; (1) tree 
without bearing trees; (j) tree with bearing trees; (k) rock 
In place, etc. The trees on line are required to be blazed. 
Tbe sise, tnarklngs and proper corners to be need In. any 
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particular case and all other details are giveD In tha 
"Manual of Surveylns iDstructlona for the Survey of Pub- 
lic Lands of the United States," Issued hj the General Land 
Office, Washington, D. C. 

Restoration of Iioat or Obliterated Comer*.* — An 
obliterated corner Is one where no visible evidence remains 
of the work of the original snrveyor Id eetabliehlng it. Its 
location may, however, have been preserved beyond all 
question by acta of landowners, and by the memory of those 
who knew and recollect the true position of tbe original 
monument In such cases It Is not a lost comer. 

A lost comer Is one whose position can not be detormlned 
beyond reasonable doubt, either from CH^glnal marks or re- 
liable exteraal evidence. 

General Rnlei. — The following rules are derived from a 
brief eynopeis of congressional legislation relating to sur- 
veys. 

(1) The boundaries of the public lands established and 
returned by the duly appointed government surveyors, when 
approved by the surveyor general and accepted by the gov- 
ernment, are unchaaeeBble. 

(2) The original township, section, and quarter-seotion 
comers established by the government surveyoni must stand 
as the true comers which they were Intended to represent, 
whether the corners be In place or not 

(3) Quarter-quarter corners not eetabllshed by the gov- 
ernment survej^rs shall be placed on the straight lines 
joining the section and quarter-section comers and mid- 
way between them, except on the last half mile of seotlOD 
lines closing on the north and west boundaries of tlie 
townships, or on other lines between fractional sections. 

(4) All Bubdlviaional lines of a section running between 
comers established In the original 'survey of a township 
must be straight lines, running from the proper comer In 
one section line to Its corresponding corner in the opposite 
section line. 

(E) That in a fractional section where no opposite corre- j 
spending corner has been or can be established, any re- 

•Circular on the "Restoration of Loot and Obliterated | 
Oorners and Subdivision ol Sections," General I^md OSlce, 
Washington, D. C. I 
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Fig. 37. 

inlred mibdlvlslon line of such scctton must be run from the 
Sroper original comer in the boundary line due east and 
v^ or n<Mili and south, as the caae may be. to the water 
vonrae, Indian reesiratlon, or other boundary of euch sec- 
^<n, with due parallelism to section lines. 

beatlmu of Principal Merldiaiu. — Principal merid- 
lUs hav9 been eetabllshed as the needs ol the surveys 
*MTanted. The surveys in the atate of Indiana were made 
*lth reference to the 3nd Principal Meridian, and those of 
UliDOlB with reference to the 2nd. 3rd and 4th Principal 
••wlillans. See Fig. 37. There are twenty-ionr principal 
■orldiaaiB In all, the locations of which are etvea iiv U^ 
"Vunal of IntftmctiOBS," mentioned a^o^e. 

^iiUgimK ty»ld JTotea. — The govercmeni. tsttrM«5««» ■«>* 
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the method ol abridging field notes Ehown In Fig. 38. Cor- 
ners in the township boundary are referred to by Mter; 
interior section corners are referred to by giving the num- 
bers of the Bectlona meeting at the corner; Interior quarter 
section corners are referred to by glTing the number od tb* 
section lines produced. 
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Fig. 38. 
SURVEYS BY METES AND BOUNDS 

That portion of the United States settled before the adop- 
on of the rectangular system was surveyed by tho method 
metes and bounds. For the most part these survpyg were 
ry irregular and often Involved complex and conhictlng 
idltlons. The entire eastern portion of the United States, 
1 the state of Kentucky, were surveyed In this manner, 
J further examples are lounfl In Vaa'FTtTic^vwi.TyeYa In the 
rtM ot MIcbig&n, Indiana, l\Utvo\B. WiMw«\, \*«iB,\Bia. 
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etc., e.DA the Spanish surreTa of Texas, Calilomla, etc The 
general principles undBrlylnff the auestions ot ownership, 
priority oC auryey, the reetorHtion of lost cornerB, etc., are 
Identical whatever the system of survey used. 

PROBLEMS IN LAND SURVEYING. 

PROBLEM Fl. INVESTIGATION OF A LAND CORNER. 

(a) Equipment— OlEgiDg outfit, tape, etc. as required. 

(b) ProfilCTii.— Collect complete evidence relative to an aa- 
sisned land comer, and after giving due welglit to the same, 
make a decision as to the true corner. 

(c) iIcthoag.—{l') Make careful esamlnatlon of the official 
field notes and records pertaining to the land corner In 
question and make extracts from the same for further ref- 
erence. (2) Seek oral evidence from those acquainted with 
the history of the corner. (3) Make a survey of fence lines 
and other physical evidence, such aa witness trees or their 
"tumps, etc., near the comer under Investigation. (4) Make 
careful examination ol the site of the corner with the dlg- 
SDg outQt; the digging sliouid be done cautiously so as to 
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avoid disturbance ol existing stakes or other monuments. 
(6) If more than one monument be found, make due record 
o( their character a&d positions, and make further Inquiry 
respecting th«in. (6) If no monument of any sort be found 
at flrat, continue the search diligently and do not give up 
finding the true comer as long aa there la a remote chance 
of locating It In any event, avoid wanton disturbance ot 
any object or evidence that may have a bearing on the same. 
Keep ciear and concise record. 

PROBLEM F2. PERPETUATION OF A LAND CORNER. 

(a) Bjuipmeni.— Digging outfit, a large boulder or other 
permanent monument, cold chisel, hatchet, plumb bob, 
string, atalies, 

(b) Problem. — Replace a temporary land comer by a, per- 
manent monument. 

(c) Methods. — (1) Uncover the identified temporary monu- 
ment and carefully deteirmine the true point with consist- 
ent exactness. (2) Reference out the point by driving two 
pairs of stakes with strings stretched so as intersect 
squarely over the corner. (3) After carefully checking the 
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tetereafAnE, dig out the old monument to a depth suIIicieDt 
to receive the boulder and permit Its top to set aereral 
inches beneath the aatur&l surface If locaited In a road or 
where disturbance Is pfohable. (4) Cut e. plain croee ma^k 
on the top of the stone, and set It In place In the hol«, 
packing the earth about It, - testing the poeltlon of the 
mark by means of the reference stakes and strings and 
plnmb bob; finally leave the boulder Bet firmly In the correct 
position. (S) Make reference measurements to suitable per- 
manent points such as marks on curbing, ga^ pipes, witness 
trees, ertc, selected with respect to good Intersections, and 
make reliable record of the witness notes after checking 
the same. (Other forms of permanent monuments are: 
gas pipe; fish plate; section of T-rall; tana tile or vitri- 
fied pipe filled with cement mortar; poet hole filled with 
mortar; special solid monument burned like farm tile; 
apecisl casting similar to & gas main valve box, with hole 
In top to receive flag pole; etc.) 

PROBLEM F3. REESTABLISHING A QUARTER-SEC- 
TION CORNER. 

(a) Equipment— Tr&nBit party outfit, digging tools, etc. 

(b) Problem.— Reestablish a quarter-sectiOR comer that 
baa been obliterated or lost. 

(c) Method*. — (1) Collect and record all the av^lable evi- 
dence which may assist in the discovery and identification 
of the corner. Examine the field notes of the original sur- 
v^, the surveyors' plai. book and the county atlas on file 
Af: the court house, and make diligent inquiry for credlbh 
Siiid competent information, either written or oral as to the 
l<Kation of the comer. (3) Make a careful search for the 
ttionument Trace all the lines of the original survey, pay 
Ing particular attention to bearing and sight trees. Dig in 
all tihe places Indicated by the different lines and give up 
the Beairch only after you hare exhausted every possible 
*^ue. (3) If the comer cannot be fijund, reestablish it, giv- 
ing due weight to all the evidence. The surveyor should 
'•member Bhat the comer should be reeetabllshed where tt 
"rtglnally wbb and not where it ought to be. .MV^t V!k^\v>% 
•owfcrf a Jdake at tie supposed location ot fbft ot\^^ 

OUBomept' J•eten^ce If out and renerw fbe sea.T'A.^ "^ 
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After tba nummaant hu b«en relocated , marit It In a par- 
muuDt nuuuer ■■ IndlcAted In Problem FS, by a stone 
Willi tL arom cut in Its top or vitb a gae pipe well drlTen 
Into the iround. Reference It oat to at least tiro permanent 
Objeota selected wlISi a flew to Bocurlns a flrst clasa Intei^ 
aectlon. Hake a caretul record and preoerre consistent ac- 
euracT In the work. 

PROBLEM F4. RBBBTABUSHING A SECTION CORNER 

(a) Agulpment.— Transit paitr outfit, diggiftx tools, etc. 

(bj Problem.— Reest&bllBb an oblitonitod or lost section 
eomer. 

(g) Jfethodt.— tFoltow tlhe tstIoub metbods described In 
Problem F8, glTlng special attention to flie seardi tor the 
orlsinal comer; upon failing to find trace of it, nm out lines 
wltb reference to Oie eeotloa, quarter, and quartcn^iiQuter 
eomera In the four dlreoUons, with linear measaremsatt , 
from the same and flnallr reBcl> the most conalstcnt de- 
delon with reference to such surrey llniw, ownarahlp Ilnei, 
fences, hedges, road centers, etc. (A fruitful cause of dl>- 
turbance of section and other comers Is careleee use of 
road graders, or the failure to lower the corner suNclestl; 
below the surface of the road.) 

PROBLEM F6. RESURVBT OP A SBCTION. 

(a) Egvtpment. — Transit party outfit, digging tools, etc. 

(b) Problem. — Mabe a resurvey of an assigned section. 

(c) JfelAodf.— (1) Hake extracts from the field notes ft 
Qie original survey and of all resurreys on file at the conTt 
houee. and other notes that may be of value. Make diU' 
gent Inquiry among the property owners for evidence u U 
the location of corners. (2) Retrace the lines, rwording tlit 
location of old fences, timber markings and oOter evldenM 
as to prior recognition Of lines and corners. Use consisttot 
accuracy. Record the original notes as given In the formi. 
Record tlie fleld notes In narratlTe style using the designa- 
tion of comers as given In the resurvey plat in the form. 

Wite a plat of the secUon In Uie m«.an.er Trescrlbed by itats 
htw for a resurrey- 
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PROBLEM F6. RESUHVET OF A CITY BLOCK. 

(a) Equipment.— Transit, 100-foot ateet tape, chaining 
plna, axe, hubs, etakes, 4 pieces one-Incli gas pipe 2 te«t 
long, notes of previous surreys, etc. 

(b) Problem.— Make B resurrey of an- assigned city block. 

(c) Methods. — (1) Procure full notes of ail the surveys and 
resurveys of the aesigiied block from the records at the 
court louse and from any other source available. (2) Make 
a resurvey of the block, using the notes, and drive hubs for 
temporary corners. (3) Compute the latitudes aad depart- 
ures of the courses, and if consistent balance the survej; 
(4) If the coruerB of the block as located are consistent with 
the existing property and street lines, drive gas pipes as 
permanent comers. (5) Subdivide *he block info lots as 
shown In the notes. (6) Make a plat of the bloch on maniia 
paper to the prescribed scale, showing block and lot linea, 
distances and angles obtained in malting the survey, the 
names of the owners of the property and the names of the 
streets. Prepare a surveyors' certificate as provided by law. 
Traice the map if required. (The accuracy attained should 
be baaed on the valuation and other local conditions. 
Before beginning the survey use every possible care to Bnd 
the corners with reference to which the original survey was 
made. When lots are sold by number, the excess or de- 
ficiency should be divided pro ra.ta. However, when lot lines 
have been long acquiesced In, it is doubtful if the courts will 
uphold the surveyor In interfering witi the ancient lines of 
ownership. It then becomes necessary either to make a 
compromise survey that will be satisfactory to the owners, 
or to make a survey that is strictly according to the letter 
of the law, and submit the map and certificate to the courts 
for settlement. The surveyor should remember that he ia 
simply an expert witness and that be has no final Judicial 
powers.) 

PROBLEM P7. RESURVEY BY METES AND BOUNDS, 

(a) Egufpmcjif.— Transit party outfit, digging tools, etc. 

(b) Prohlem. — Make a resurvey of an assigned tract whose 
original survey was made by metes and bounda. 
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(c) JlfetAod«.— (1) Collect full notes and data relatlne to 
&e monuments, magnetic bearlngB, magnetic Tarlatlon, 
date of survey, lengths of lines, etc (2) Make a careful 
inreetlgation ot Uhe lines and comers on the ground uid 
make notes of any evidence there found. (3) Locate and 
Identify with certainty as many as possible of the original 
monuments; where double or contested cornera exist, locate 
each deflnitely for further reference; If corners are general- 
ly lacking or doubtful, concentrate attention on at least tWD 
Which give moat promise of definite relocation, and reestab- 
lish these corners ae carefully aa possible. (4) HaviDg at 
least two corners, retrace by random line the perimeter of 
the tract according to the original description, beginning 
at one and closing on the otlier corner; set temporary cor- 
ner stakes at the several points ; note the linear and angular 
error of closure of the random traverse on the last monu- 
ment. (5) Calculate the latitudes and departures of tli« 
random survey, and determine the angular and linear re- 
lations between tke random and the ori^nal survey; also 
fix the position of the several random stakes relawe 
to the supposed true positions of the respective corners. (6) 
Set stakes in the true positions, as calculated, reference 
them out, and renew tbe search for the original monu- 
ments, (7) Finally reestablish each, corner in the most 
consistent position, put permanent comers in place, and 
take .witness notes for each, making complete notes ot tbi 
proceedings. Follow form. 



PROBLEM F8. PARTITION OF LAND. 



(a) Equipment. — Transit party and digging outfits, etc 

(b) Proftfem.— Make a partition of an assigned tract rf 
land in accordance with instructions. 

(c) Methods. — (1) Make the necessary resurveys of the as- 
signed tract. Identifying original monuments, and reestab- 

ishing lost corners as required. (2) Make a plat of the 
'Sftitlon. (3) Subdivide the land and set permanent cor- 
*ra; carefully establish witnesses to the comers and secure 
'^tness notes. (4) Prepare and file ^lat and description U 
"laired by law. 
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180 LAND aURVBYINQ. 

PROBLEM FD. DESIGN AND SURVEY OP A TOWN SITE 
(OR ADDITION.) 

(a) Equipment. — Equipment tor topographic survey tor 
bofb field and ottlce. 

(b) Problem. — Make a preliminair topographic survey ot 
the propoEed to^i site (or addition), deelgn the plat, and 
make the surveys tor hlocka, lots, etc. 

(c) Methods. — (1) Make a careful resurrey of the entire 
tract. Reference the esi&tlng monumente aod ciirefully re- 
locate all missing corners. (2) After the inoiiuineiita have 
been carefully located, remeasure the dlatances and angles 
very carefully. Before beginning the chaining, a standard 
should be established as described la Problem A23. 

(3) Fill in the topographic details with the transit and 
stadia, unless directed otherwise, using conslBtent accuracy. 

(4) Make a complete topographic map of the tra<:t (5) De- 
sign the townelte and sketch It In oa the map. Tbe ques- 
tions of surface drainage, sewerage, possible overflow, 
street gradients, principal thoroughfares, diagonal streets, 
alleys, etc., should be carefully considered. The streets 
should be of ample width, and be laid out with reference to 
ease of grading both the street and adjacent property. Resi- 
dences should face desirable streets and the cross streets in 
the residence district should not be too numerous. The 
principal thorouglifare should pass through tbe business 
portion and have minimum gradients. The system of sew- 
erage and drainage should be worked out roughly before 
the design Is completed. Much expensive construction can 
lie avoided by using care In designing lie town silo. (6) 
Make preliminary profiles of all the streets on Plate A 
profile paper to the prescribed scale. (7) Carefully locate 
the block and other important comers and mark them by 
permanent monumenits <\t stone, gas pipe, tiling, etc. (8) 
Subdivide the blocks Into lota and mark the lot corners by 
means of gas pipes or hubs. (9) After the streets have been 
located carefully, take levels on the same, make profiles, 
and lay grade lines for all streets, sidewalks, and improve- 
ments. 

Vse accuracy consistent with the value of tbe property 
ibrougboat tbe problem. Make i caTelii\ T^coii <A 'Ca* '^cteii. 
'"Complete tbe maps and profileB, 



OHATTEE VUI. 
BAZLBOAS SURTEYINC^ 



ClkMdflcatioii —For the purpose of class Instruction, 
railroad surverlns will be discussed under the following 
heads: (1) curve practice, (2) reconnaissance, (3) prelim- 
inary survey, ii) location survey, (5) construction, (6) 
malntenaDce. 

Curve practice is designed to give the student familiarity 
■with the methods at running curves so that the location 
Surrey may be made without needless delay. It consists of 
a aerieB of typical problems covering the usual range of 
conditions found to euch surveys. 

The reconnaissance Is a rapid preliminary examination 
of a dletrlct or area for tlie purpose of selecting ruling 
poitlteto control the general routes of the preliminary sur- 
vey llnea. The distances are paced or scaled Trow a map; 
elevations are determined by means ot the barometer or 
hand level. 

The prelimlBary survey is designed to obtain Information 
and to obtain It rapidly, as a guide in making the location 
survey. A rapid deflection angle traverse is run, following 
the general route of the proposed line, but keeping in clear 
ground as tar as may ho to gain time; levels are run, topog- 
raphy Including oontoura taken, the map made, and one or 
more location lines projected on the map. 

The locattcHi survey fises the exact lines. Including the 
curves, preparatory to building the proposed railroad. Some 
engineers prefer to run one or more trial location lines, but 
It Is best practice to locate the line as projected on a reliable 
contour map. 

Construction surveys are made for the purpose of flitng 
the roadbed limits and other constructive details, and esti- 
mating eajitlhwork and other quantities. 

Uamtemnce surveys and resurveya e.t& ms.?k« ^\\/» "C^^. 
Una Ib balM, for baliastlng, yard conslTXuAioa at tA!wit tjsjs- 
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183 RAILROAD SURVETINQ. 

Field OTfudBBtlon of C1«m.— In order to carir out the 

foregoing steps, the following field parties' are required: 
(a) transit party, (b) leveling party, (c) topography party, 
(d) land-line party, (e) croaa-fiectioning party, (f) bridge 
and masonry party, (g) resurvey party. 

General Requirements. — Eacb party should work wiUi 
snap and vigor and accomplle-li the beet results practicable, 
both as to quality and quantity. To this end each member 
o[ the party should not only be careful, exact, and rapid in 
the discharge of hlsown duties, but avoid interfering with 
the work of others, such as obstructing the view of the 
traneitman. In order to give each »tudent practice In all 
tlie positions, the posts will be lifted daily, progressing to 
tlie 'higher positions in the party. The student should not 
underrate his practice la the subordinate positions, nor tall 
to make proper use of his more responsible duties. The 
usual decorum of field parties will be observed. 

TRANSIT PARTY.— It is the duty of the transit party to 
establish the traverse line upon which to base the levelsand 
topography. The student transit party will consist of th.o 
toUowing members: (1) chief of party, (2) transltmai:. (S^ 
head chainman, (4) rear chalninan, (5) stakeman, (6) az^k- 
man, (7) front flagman, (S) rear flagman. The duties arkd 
equipment of the respective members are stated below. 

Chief of Party.— (Party list, map of line, 50-foot metalUe 
tape, railroad curve test book.) The chief of party Is re- 
sponsible for the general progress and quality of the wort, 
It is tlB duty to direct the survey; see that each man dotf 
hia work properly and with sutCicient accuracy and 
despatch; check the transitman's work When necessary; 
keep the transit notes if the transitman is pushed; and make j 
himself generally useful. He should be thoroughly t 
quainted, before going to thn field, with the situation and I 
with the data applicable to the work of the day. In requlr- L. 
ing subordinate members of the party to perform their wori r 
properly, he should carefully preserve the dignity of 6Is [ 
own position. Should there be no chief, these duties will 1» I 
shared by the transitman and head chalnman under tie [ 
former's directions. 

Tranaltmaii. — (Transit, reading glass, adjusting 1 
tranett note book, railroaa cmve \.e-s.t book, figuring pii) I 
Tie transitman runa the tratv^U. Ittt-oa Vo.^ ■&««», w&'a ( 
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the aibeence <^ tbe chief, directs the -nrork of the party. He 
should do careful and exact as well as rapid work, since the 
progrese and character of the survey are usually controlled 
chiefly by the skill of the transitmac 

In lerellng up. keep the lower parallel plate about level. 
Avoid undue tightness of foot screws. In. setting tlie ver- 
nier to zero, use a quick converging motion with the tangent 
movemeDt and note the adjacent graduations. If the tran- 
sit has lost motion, learn which way to get the slack on the 
tangent screws. Ab a rule, use the lower motion by prefer- 
ence. Habitually hack sight to the rear with telescope re- 
versed, then plunge the telescope on prolongation and read 
the deflection right or left. If practicable, base the cal- 
culated bearings on a true meridian; otherwise, allow for 
the magnetic declination at a station which seems to be free 
from local attraction and thus obtain a reference meridian. 
Check all deflection angles by needle reading, both as to 
amount and direction. Lack of proper adjustment Is no 
excuse tor error. Always prolong a tangent line by double 
Blgbtings. Also check deflection angles from time to time, 
by double sightings. Check on back sight before Anally 
approving any precise point; likewise never fail to conclude 
the obBervationa at each transit station by checking on the 
back eight. In such check it la usually best to sight back 
precisely on the point and then note whether the vernier has 
the proper reading. Awist the flagman in plumbing the 
pole, and always sight as near the bottom of the pole as 
possible. The traisltman should admonish the chalnmen, 
etc., to keep clear of the line. 

On preliminary surveys, usually let the rear fihainman 
line In the head ohainman by eye, at least for short 
Btretches. Do not hesitate to offset or zig-zag more or less 
along open ground to gain time. A rapid method tor pass- 
ing through heavy timber Is to zig-zag on slight deflection 
angles right and left, tabulate the lengths in stations and 
deflectlona In minutes, and the products of the two in sep- 
arate columns on the right hand page. The original line la 
regf^ned by making the algebraic sum of the products zero, 
and the original direction is resumed by turning off a de- 
flection which balances the deflection angle columns. 

On location, each stake should be lined In. cs-cetullY ^t 
transit Small obstructions, such aa tieea, tawj '^ ■^^wwA 

1 _ C.oo;;lc 
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br parallel lines, uelns offsets of one foot or bo at two bubs 
a. tew stations apart; tlie line Is resumed In like manner. 
Where plate readingB are used in rectaiiEular or other offset 
methods, no slglita Bhorter than 60 feet should be used. The 
equilateral triangle one station or more on a side is often 
used. Obstructions on curves may uaually tie passed readily 
with the aid of tables of long cborda and mld-ordlnatee. 

Curve inde:i-reiadlngs should be calculated as though tlie 
entire curve were to be run in from the P. C; etartiag with 
the Index-reading of P. C, always equal to zero, check the 
calculations by noting that the index of M. C, is ^4 I, and of 
P. T. Is M I. In using the notes, remember that with the 
transit at any point wbateveir on tbe curve the following 
rules apply: (1) Wtaen pointing to any station, tbe ver- 
nier must always be set to re«d the Indez-readlng for that 
station; and (2) when pointing on tangent at any station, 
the vernier must be set to read the Index-reading tor that 
station. As a. rule, the best program ia curvo location ia: 
Having P. I. located, (1) measure I and assume D; (2) cal- 
culate T and E; (3) eHtabllfdi P. T- by chaining oft T on 
front tangent; (4) establish M. C. by laying off E on bisect- 
ing line; (5) locate P. C. by interpolating hub at calculated 
station number on back tangent; (S) move transit to P. C. 
and fore sight on P. I.; (7) calculate curve notes (if not al- 
ready done) ; (8) check sight on P. T, and M. C. and If satis- 
factory, (9) run in curve, checking fbr distance and angle oa 
M. C. and P. T., moving transit ahead if desirable or neces- 
sary; (10) set up at P. T. and resume front tangent One 
minute ia the limit o( allowable error in any curve. Mis- 
takea in calculations or in measurementB of angles will t>« 
counted serious errors. On final location ttie curves will ba 
Bpiraled. After the line is located, reference out P. C, P. T., 
and other important hub points by two Intersecting lines 
and take careful notes of the sajne (see method (g). Pig. 6, 
Chapter II.) 
The transit notes should be reliable, complete, neat and 
atinct. Each entry should have but one reasonable mean- 
% and that the correct one. Record station numbers from 
■) liottom upwards, usually with ten stations per page, 
peat the last station at the bottom of the nest pager Altov 
t> lines per station so as to provide for sketching at 200 
i to tbe Inch. On the middle Uuft ol fti^ t\^y. \imi.4 uige 
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186 RAILROAD SURVKTINO. 

mark each station with a dot and number evety fifth fftatioti 
which should aleo be enclosed In a circle. The transit aotss 
should Include sketchEe of prominent land and street lines, 
stream croeslngs and other prominent topographii] details, 
with pluses shown In the sk^ch. The notes should include 
date, weather, organiiation ol partr, etc An appropriate 
title page giving name of wirvey, date ot commencement 
and completion, etc., should be prepared. The notes will be 
kept In the prescribed form. The field notes are to be re- 
turned at the close ot the day's work. All eHtlma4:ed data 
sbould be noted as such. 

Completeness and neatness of notes and records, facility 
and accuracy In handling the Instrument, and promptness 
In advancing the progress of the survey will count in the 
estimate of the work ot the tranaltman. 

Head Chalmman. — (Flag pole.) The progress of the 
chaining depends chiefly on the activity oC the head chain- 
man. After setting a stake he Should move off briskly (pre- 
ferably at a trot) and bo prepared for the "halt" signal aa 
be approaches the next station. When the full chain length 
is pulled out, the head ciialniman turns, holding the flag pole 
in one hand and the chain handle In the other, and seta the 
pole in line by signal from the rear chalnman or transit- 
man. Much time can be saved tn this process It the head 
cbainman habitually walksabouton line and It he sights back 
over tlie two sts.ke£ last se>.. If on curve location, be should 
line himself in on the prolongation ot the preceding station 
chord, and then offset by pacing or with flag pole a distance 
in feet equal to 1?4 timea the degree ol the curve; the 
calculation is made mentally and the pole can usually be S«* 
within a few inches of the correct poeitlon by the time a 
speedy transitman lias the deflection angle set off. Having 
the line established, the pole le shifted to the correct difl- 
tance, and the stake Is driven plumb in the hole made bs 
the flag pole spike. If the survey is a rapid preliminary line, 
the head chainman hastens ahead the Instant the stake 1* 
started at the proper point, although in a more careful pire- 
Ilmlnary fche chainmen check the distance to the driy«D 
stake. On location surveys it is customary for the cha-i-H- 
men to wait until the stake is driven and mark the ei^»ct 
distance on the top of the stake with the axe blade, and -tJio 
exact line by signal from the transitman. In this proems* 
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tbe head chainman should keep In mind the conrenience ot 
tixa transltm&n, and In case the line Is being run to a front 
Sag, the chalnman should be careful to clear the line fre- 
quently to allow check Bights ahead. In breaking chain on 
fiteep fdopes the full length of chain should usually be pulled 
out ahead and the chain thumbed al the breaking points so 
aa to avoid blunders; a plumb bob or flag pole should bo 
used ]n the process. In passing over fences It often saves 
time to drive a 10-d nail, with "butterfly" attached, in tha 
top plank to eerre aa a check back sight from the next tran- 
sit point The chainmen should carefully avoid obstruct- 
ing the tiraiiBitman'a view, to which end they should walk 
on the outside when locating curves. 

Rear ChslniBkn. — (lOO-foot chain or tape, chaining pins 
<lf allowed), figuring pad or note book.) As the rear chain- 
man approaches the stake just set, he calls out "halt" and 
holds the end of the chain approximately over the stake, 
quickly lines in the flag pole In the hand of the head chain- 
man (or the pole Is lined in by the transltman), the precise 
distance IB given, and the chainmen move on briskly. As a. 
rule, plusee ^ould be read by the rear chalnman, the front 
end being held at the point to be determined. Fr^ic- 
tlons win usually be taken to the nearest 0.1 foot, although 
0.01 foot may at times be properly noted. It is the duty ot 
the rear chalnman to keep a record of pluses and topo- 
graphic details when the traneltman Is not at band. This 
record may be k^t on a flgurlng pad and the memoranda 
handed at the first opportunity to the transltman, who 
transfeTB the data to his book and carefully preserves the 
Blips for future reference. It is usually better, however, to 
keep the auxiliary notes in a memorandum book Instead of 
on the loose elipe. The chainmen should carefully avoid 
disturbing the transit legs. 

The reaponslbillty for correct numbering of the station 
^kes rests chiefly on the rear chainman. It la his duty 
to remember the number of the previous station so as to 
catch blunders on the part of the stakeman. As he reachea 
the stake just driven, he mentally vermes its number and 
'^peats It distinctly for the guidance ot the stakeman in 
niarking the stake to be driven; the stakeman resp'jniia by 
"ailing the new number, and each repeats hie number as a 
clieck hetore final approval. The rear tha.\^mMi, 'Oq.«& 
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cbargee his mlod with tbe numbers and checks the newly 
set stake on reaching It In case of doubt he returns to the 
preceding stake and notes Its number. 

8tKke>n«ii.— (Sack of flat and hub stakes, marklns 
crayon, handase,) The stakeman vlth hla supply of flat and 
bub stakes in a sack, should keep up with tlie head chain- 
man and be standing, vlth stake and marking keel In hand, 
ready to number the new Btotlon stake on hearing the rear 
chalnman call out the preceding station number; the nua- 
berlng Is repeated, as already explained', before the stake la 
driven. Chaining pins are not used, but their equivalent In 
checking tallies may be had by numbering the stakes aliead 
and tieing them up in sets of ten. By numbering stakes at 
slack moments the etakeman gains time to assist the axe- 
man in clearing the line, e*c. However, special care should 
be taken to avoid omissions and duplicates. The stakemui 
should finish numbering the stake and hand it to the a:te- 
man by the time the head chalnman has fixed the exact 
station point The stakes should be numbered in a bold and 
legible manner, the keel being pressed into tbe wood for 
permanency. The number should read from the top of tha 
stake downward. Stakes on an oftsetted line should be so 
marked, as 4'L or 2'R, beneath t^e s+atlon number. When 
survey lines are lettered, the serial lertter sliould precede the 
station number. Guard stakes for P. I., P. C, P. T., refer- 
ence points (R. P.), etc., should be clearly marked. The 
stakeman should assist the axeman In clearing tbe line and 
should drive stakes when the axeman is delayed. He should 
carefully avoid obstructing the transitman's viaiw. The 
stakeman is under the direction of the head chalnman. 

Axeman. — (Ase, tacics, (and if so instructed) an ertra 
sack of stakes with marking keel.) It is the duty of the axe- 
man to drive stakes, remove underbrush from the lino, 
clear an. ample space about the transit station, etc. He la 
expressly warned, however, in student fidd practice, not to 
hack or cut trees or damage other property in any way, and 
Q general, not to trespasa on the rights of OwnwB at 
'"emises entered in the progress of the survey. 
The fiat station stakes are driven firmly crosswise to th« 
>e with the numbered face to the rear. Hubs are driven 
'Out flush and usually receive a tack; they are properly 
tiessed by a flat guard stake driven 10 Inches or bd to tho 



Google 



' mSjSIT PARTT. iS 

left, the marked face slanting towards tbe tiiib, as shown 
In Fig. 9, Chapter II. The axeman receives the marked 
stake from the stakeman and drives it piumb at the point 
marked hy the spike of the flag pole. On location or care- 
ful preliminary surveys when the stakes are being lined in 
by transit, the axeman S'hoiiid stand on one side when driv- 
ing and keep a lookout tor signals from the transitman. In 
ahirting the stake as signaled he should use combined driv- 
ing' and drawing blows with the axe. When the precisa 
point comes much to one side oC the top of the hub, another 
hub should be driTen alongside and the first one driven out 
of Eight before tbe tack is set The axeman should move 
ahead briskly and avoid delay to the chaining. The stake- 
man should, when necessary, drive the stake with the sjKtre 
handaie. When the field force Is scant, one man may serve 
in both capacities. The axemao is under the direct charge 
of the head chainman. 

Pront Flftgmftii.^tFlag pnle, smali' supply of hubs and 
guard Eta.kes in Btake sack, handaie, a few 10-d nails.) It 
Is the duty of the front fingman to establish hub polnta 
ahead of the chaining party under the direction of the chief 
and tranEitman. In selecting transit stations he should 
keep in mind visibility and length of both fore sight and 
back sight, and to this end, points should be taken on ridge 
lines and where underbrush, etc., is least in the way. The 
practice of planting the flag pole behind the hub may be 
warranted occasionally, as for example, when the fleld 
party is shorthanded, but never when the regular flagman 
la not specially detailed for other duties. The front flagman 
should keep close watch on the transitman and should 
habitually stand with the spike of the flag pole on the tack 
head and plumb the pole by standing squarely behind it 
and supporting it between the tips Ol the fingers of the two 
bands. Should the front flagman be flagging for an inter- 
polated point depending on a foresight which his pole would 
conceal, he should clear the line for a check sight by lean- 
ing the pole to one aide. When crossing fences he should, 
when convenient, establish check sights on the top plank 
by driving a spike and attaching a "butterfly." 

Rear Flagman. — (Flag pole, hatchet, slips of paper.) The 
rear flagman gives back sight on the preceding transit sta- 
tion. The details of his duties are much tbe same as thoea 
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of 'tli« front flasman. It la an excellent plan for him to cut 

a atralght eappllng or limb and plant it eiactly behind the 
hub ■when signaled ahead. This picket pole ia made more 
visible by splitting the top and Inserting a slip of paper, to 
make a "butterfly." A aeries ol such pickets on a long 
bangent line often afb>Tds a fine oheck on the work whea ' 
an elevated transit point is reached. 

I^VEL PABTT.— It 19 the purpoae of the level party to 
secure data concerning the elevations of the points along 
the line so that an accurate profile may he made and the 
grade line established. The leveling party should be on tbe 
alert to detect errors In the ■work of the transit party, encli 
as omitted or duplicated statlone, etc. The party confab rf 
two members: (1) leveler, (2) rodman. In very brusby 
. country an axeman may be added, but this ia usually un- 
necessary It the line cleared by the transit party is followed. 
Iieveler. — (Level, adjusting pin, level note book.) The 
leveler should follow the most approved methods described 
under the head of differential and profile leveling in Chap- 
ter IV. The nearest 0,01 foot should be observed on turn- 
ing points and bench mark rod readings and elevations md 
on occasional Important profile points. The fore sight rod 
readings on ground profile points are to be taken only to 
tt\r< nearest 0.1 foot and the nearest 0.1 foot in the height ol 
Instrument is to be used in calculating the elevation. (Be- 
ginners sometimes calculate eleTatlons to 0.01 foot when the 
rod readings are taken only to the nearest 0.1 foot.) Tho 
leveler should be rapid with his level as well as with fig- 
ures. He should calculate elevations as fast as the rod read- 
ings are taken and should systematically check up (he 
turning point and instrument heights as the work proceeds. 
As results are verified the same should be indicated by check 
marks. Each page of notes should be checked by summing 
up turning point back and fOre sight rod readings, and com- 
paring their difference with the difference between the first 
and last elevations or instrument heights, as the -rase ma? 
e, on the page. Follow the prescribed form. As far as 
aslble, bench marks should be checked by Including them 
the circuit as turning points. Balance back and fore 
:ht distances on turning points. Permanent bench marks 
mid be established at least every 1500 feet, and located 
Jilaces at once convenient and free from disturbance 
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during conBtruclion. Later levels sbould check ■within 0.05 
foot Into the square root of the length of circuit In 
miles. When a discrepancy la found, a line of check leifela 
must be run to fix reeponslbility for the error. In cross- 
ing streams, secure high water elevations, with dates, es- 
p«ciall7 of extraordinary floods, also low water level. In 
crossing highways obtain elevations each side for some 
distance with a view to avoid grade crossings. In going up 
or down steep slopes, gain all the vertical distance possible 
each setting, and Follow a zig-zag course. The bottom of 
<leer gullies may be determined by hand level. Assist the 
rodman fn plumbing the rod, and on turning points and 
benches have the rod gently swung In a vertical plane to and 
from the instrument and take the minimum reading. The 
self-reading rod is to be preferred. Many levelers use the 
Philadelphia rod without target, if the target is used on 
turning points, the leveler should check the rod reading 
when practicable. 

Completeness, correctness and neatness ot notes and rec- 
ords, and facility and accuracy In handling the level will 
be given chief weight In fixing the merit of the leveler's 
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work. The level notes are to be returned at tbe en<t at ilie 
day'fl work. 

Rodman. — (Leveling rod, peg hook, hatchet, tnmlDg 
point pegB, spikes, keel.) The rodman holds the rod at 
station stakes and at such plus points as may he required 
to make a representative profile. It la his duty to Identlf; 
each station point and he on the lookout for duplicated or 
omitted stations. To this end te should habitually pace lo 
each station, especially in grass or underbrush, and call out 
or Blgnal tho station nuinber to the lereler. Should a blunder 
in station numbering appear, he Should poaltlrely canArm 
the fact by retracing several Btatlons, and then carry the 
corrected stationing ahead. The rod should he held truly 
plumb, which is best done by standing squarely behind the 
rod and supporting it with the tips of the fingers of botti 
hands. On turning points, the rod should he waved gently 
In a vertical plane to and from the Instrument. The rod- 
man should pay special attention to placing the ta:^ 
right for long rode and examine it to note If It has slipped 
before reading the rod. Errors of 1 foot, 0.1 foot, etc., 
should be carefully guarded against. Turning points Bhoald 
be selected with special reference to their solidity, and care 
should be taken not to disturb them. Station pega an^ 
hubs are often used for turning points; when so used, the 
precise fore sight to 0.01 foot should follow the usual ground 
rod reading to the nearest 0.1 foot. The rodman atpuU 
use good judgment In selecting bench marks, locating them 
out of reach of probable disturbance during construction 
and describing them so as to be easily found. He should 
be active and do his best to keep close up with the transit 
party. The rodman should keep a peg book for recording 
turning points and instrument heights, and check bis com- 
putations independently and compare results with the 
leveler. 

TOPOGRAPHY PARTT.— It is the purpoee of the 

L topography party to secure full data for mapping contoura, 

property lines, buildings, roads, streams, and other Import- 
ant topographic details. The width of territory to be em- 
braced in the survey depends on local conditions; in places 
It may be as much as one-'fourth or one-half mile from the 
'Jne, aJthough it is usually better to ran alternate llnsa when 
^e distance to be Included tecomea ao Ete«- "Y^* XnvMt 
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rapay p&rtr often coaBlsts of oviy two men, but a partr 
of tour Is much more efficient Soine<times no regular topog- 
rapby party la provided, but after running a tew miles ot 
Hue ahead, tlie transit and level parties are formed into 
eeveral parties to bring tlie topography up to the end of the 
preliminary line. For student practice the topography 
paKy will consist of four members: (1) topographer, (2) 
assistant topographer, (3) topography rodman, (4) tapeman. 
TopagrapIieT. — (Topography board, topography steet (or 
seveirat sheets), hard pencil, compasses, eraser, etc.) The 
topography sheet should be prepared before going to the 
field, showing the alinement and other data needed from the 
transit notes, and elevations ot all stations and pluses from 
the level notes. Cross-section paper la to be preferred. 
Tlie center line may be plotted to one side of the center line 
of the sheet, when the topography is to be taken farther in 
one direction than the other. In order to secure full d«'talls, 
the scale ot the fleld plat may well be double (or even more) 
tbatotthe-flDlsbed map. The topography sheet should show 
local conditions, such as gravel banks, rock ledges, etc., 
suitable for ballast or other constructive use; out-croppings 
f>t rock or other material which may affect the class ifi nation 
Of the graduation; character of substrata at eites of bridge 
or other masonry work; springa, wells, streams, etc., suit- 
able for water supply; approximate flood levels and other 
data relating to waterways or surface drainage; location of 
streams, eepeclally wifi reference to desirable crossings. 
freedom from probable ohange Of channel, etc.; location ol 
higbwaya including elevaliona some distance either way 
with special reference to avoiding grade crossings; other 
railroad lines, with the same point in view; character and 
condition of crops and other farm Improvements, names ot 
owners, etc, — In short, any and all information that is at all 
likely to be of service in mapping the route, projecting the 
location, during construction, etc. In locating a group o£ 
buildings some distance from the line, flz the principal one 
by tie lines, by Intersection or polar coordinates, and the 
othera by measurement and sketch from it. Locate build- 
ings Tjear the line by rectangular offsets, or by intersections 
ot the principal outlines with the survey line. Contours are 
locaitod by means of the hand level used by the assistant 
topographer. The contour intetral a^OM\4>« ?ii% VwS, at- 
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dlaarily, but may be increased to ten or more feet on yerj 
Bteep slopes. Tbe contour data should be selected wltb : 
special reference to ridge and gully lines {see problem and | 
plat on contour leveling, Chapter IV.) Orddnarily iand 
level lines ma.y bo run out a,t riglit angles; angling lines 
along gulches and ridges may bo located by estimation, 
pockest compass or tie lines. The plat Is made by ;he topog- 
rapher from data collected by the other members ol lie 
party. A common fault with the beginner in such work is 
the omission from the plat of important numerical data, 
fluch ae station numbers of land-line crossings, etc., owing 
to an undue attention to the minute details of the draftinB 
work. A good topography record with contour notes nn 
the left hand page and fleld sketch showing all numericiJ 
data on the right, is sbown in the accompany form. 

Assistant Topographer, — (Hand level, packet compass, 
topography note book.) It is the duty of the assistant 
topographer to collect data for the use of the topogripM 
in making the plaL He uses the hand level, nojes station 
numbers, distances, bearings, etc., and makes such , record 
of the same as may be required to fit local conditions. 1" 
contouring, a special rod with adjustable base (see Fig. W, 
Chapter IV.), it available, may be used; otherwiKC, an o^ 
dinary flag pole witb alternate feet red and white is em- 
ployed. Beginning with the known profile elevation, aa ex- 
tracted from the leveler's record, even flve-foot contours are 
located, as a rule, nominally every 200 to 500 feet at rigW 
angles to the line, except as ruling ridgea or gullies may 
suggest other directions. His record should be ample and 
legible, and include data and information which may not 
properly 'be placed on the plat. All estimated elevations, 
distances or dimensions should be noted as such. The assist- 
ant topographer works under the directicm of the topoR- 
rapher, but is expected to take the initiative in the collec- 
tion, of data so as to pernsit his superior to devote proper 
attention to the field plat. 

Topographr Rodman. — (Topography rod vlth adjuBt- 
ible base (see (f). Fig. IS, Chapter IV.) or flag pole, hatchet) 
It is the duty of the rodman to hold the topography rod a» 
directed by the assistant topographer. He should be actlTt 
and continually on the alert for information or data which 
^e record book or sheet aliou,\4 couUAii. 1\i.6 codman hoUi 



OFFICE WORK. 






\_ 






•■ffmm 



warn 
mm 




he zero end of the tape In measuring the distances. He 
hould acquire skill in pacing on rough as well as smooth 
TOund, and when euffioipntly exact especially on, ground 
emote from the surveyed line, he should gain time by pac- 
ng in the diatances to contour lines. 

Tapemftn. — (Metallic (or band) tape, set of chaining pins, 
lag pole.) It Is the duty of the tapeman to determine dia- 
atices with the help ot the rodman. He should be vigilant 
a checking up tallies, reading fractions, leveling the tape, 
reaking chain, plumbing down ends, etc., and should aever 
i6 the cause of needless delay in the work. When required, 
,e should measure angles, take tie lines, etc., with the tape. 

OFFICE WORK.— The office u-ork of each student In- 
ludes; (1) reconnaissance map, profile and report; {2) map 
howing preliminary lines with topography and projected 
acation lines; (3) preliminary profile with grade lines, ap- 
roximate estimate of quantities, etc.; (4) flnal location map 
traced from preliminary map); (5) location profile; (6) 
oples of Belli notes; (7) cross-section n-otea and estimate 
{ graduation quantities; (S) estimate of cost of construe- 
Ion; (8) moDthlj' estimates, progresB ■B'c^\ft, '^'Bsii, vAac 
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moldal and curvature corrections, Touchers, etc., final 

eBtlmata 

ReoounalBBBiioe Report. — The reconnalsBance nap 
showing the aj-ea. examlEed will he bcised upon such mape 
of the route as may be available. It Bhould show the sev- 
eral ruling points and general routes selected for actual 
Hurvey. The profile should fee based upon barome'trlc or 
band level observatlona and distances scaled from the map 
or determined roughly by pacing or otherwise on the 
ground. The report should refer to the map aud profile 
and state the general Hcheme, the several ruling considera- 
tions or conditions, the details of the examination, a rough 
comparison of the several alternative routes, and a final 
summary and conclusion with definite recommendations. 
The report should be made in accordance with beet usage as 
to Corm, composition, etc. 

(Considering the limited point ot view of the beginner, 
the reconnaissance reports may not be required until the 
actual surveys are well along. In such case, however, the 
student is not to draw data from sources other than those 
above outlined.) 

Prelimlnarj M»p.— The mapplngshould be the beet prod- 
uct Of the student's skill as a draftsman, and should con- 
form closely to the department standards, which are based 
upon best current usage of leading American railroads. Un- 
less otherwise Instructed, the preliminary map will be made 
on eggshell or paragon paper. There are three ways to plot 
the skeleton of the preliminary survey: (1) by laying off 
each successive deflection angle and distance from the pre- 
ceding line; (2) by laying off the successive calculated 
courses and distances from a precisely drawn meridian or 
other reference line; and (3) by rectangular coordinates. 
The first method should not be used, since cumulative errors 
are probable. The second is rapid and tree from serious 
objection; if preferred, a modified base line may be assumed 
and the calculated bearings transferred to the same; 
angles may be laid off by means of scale an^ table of nat- 
ural trigonometric functions from a precisely drawn base j 
line and then transferred, as required, by parallel ruler o 
triangle; this method is used most in practice. The third I 
method Js the most esact. and will be used by the student J 
unless the second Is apeciftea. \lwivo\-ie» tha calculation of I 
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a plotting sbeet, as shown In the accompanying form. Ttie 
aJtla la usually a meridian line, but any line may be taken 
and tbe courses cbanged to ault. In making the plotUng 
table, the data, calculated bearings, distances, etc., sbould 
be carefully checked through to the last point in the skele- 
ton berore the plotting is begun. Only one axis abould be 
plotted, preferably the one having greater totals, so as to 
give short perpendiculars. Starting from tlie origin, lOOO- 
foot points are pricked in along the axis to the speclfled 
scale, and marked 0, 10, 20, etc.; the totals are interpolated 
on the axis and lettered; esaot perpendiculars about the 
right length are erected; the second point is established br 
scaling the perpendicular and the line ia checked back on 
the preceding point; if correct, the stations are pricked in 
• and every fifth station and deflection points are enclosed in 
a small circle and neatly numbered; the next course is so 
located and checked back by length of hypothenuse. the Bti- 
tlons fixed and numbered, and so on to the end of the line; 
the courses should be taken in their order and none passed 
without cliecking satisfactorily. After the skeleton is com- 
pleted, tfie topographic details are penciled in, and the nW 
flntalied and inked The title, border, meridian (both tme 
and magnetic), etc should be flrat-clase in quality and ia 
keeping with the rest of the map. Crude or careless lette^ 
Ing or other details o£ the map will cause its rejeotion. TM 
title of the map, profile, etc.. should be given ia brief on tte 
outside o£ the sheet or roll at each end. 

preliminary Prof lie.— Use Plate A profile paper in mat 
ing the profiles. The level notes should first be caretiilll 
verified and then one person should read off while aDOtler 
plots the data. A hard pencil, 6H or 7H, sharpened to a 
long needle point should be used. The stations are first 
numbered along the bottom from left to right (or The re- 
verse, as prescribed) ; leaving six inches or so at the left (or 
a title, and beginning at a prominent line with station 1. 
every tenth irtation is so numbered. The notes are examine* 
for lowest and highest elevation and a prominent line ia 
assumed as an even 50 or 100-foot value relative to tie 
datum. The horizontal scale is 400 feet and the vertical 
scale 20 feet to the inch. Points should be plotted no heav- 
ier than necessary, since the surface of profile paper will 
not permit much erasing. T\i«aMrt«.ie\\tft*iaw\4be traced 
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ip to the plotted points, owing to the danger of 

as &brafft breaks such ae streams, ditches, etc. 
ould be fixed by estimation. Tho surface line when 
I should be inked with a ruling pen used freehand; 
it of the line should be aibout the average of the 
s on the proflle paper. (A special pro>flIing or con- 
len is much used for this purpose.) The profile 
low the grade line, grade Intersection, elevations 
i of grade in red; water levels, and data relative 
in blue; eurface line, station numerals, etc., in 
le alinement, important land lines, streams, etc., 
I shown at the bottom of the profile in black. The 
S should be laid nommany with a vie^v to balance 
md fill quantities, but this should be varied to 
J, conditions, such as drainage, the elimlna- 
rade crossings, classification o! materials, etc. The 
1 gradients, the rate of compensation for curva- 

wlll be made to suit the specified, conditions. The 
■tlon for curvature will be allowed for on the pre- 
proifile by dropping the grade line on maximum 

at each deflection point. Grade intersection ele- 
nd rates of grade will be given to the nearest 0,01 

slmate Eitimatea. — Rapid estimates of eartb- 
ntities may be made direct from the proflle either 
nee to a table of level sections, or preferably by 
an earthwork scale, shown in the accompanying 
This scale is graduated in hundreds of cubic 
the particular roadbed base and slide slopes. The 
making the scales are given in the table. The 
s may be jotted down for addition or tumped men- 
an adding strip may be inserted in sits near one 
^he scale. In using this scale it is customary to 
deduction for minor waterways. Estimates made 
»y from the protile of a careful preliminary survey, 
not vary more than live per cent from the iioal 
ion (luan titles. 

on Map.— The location map may be traced from 
ninary map and should include tbe topography and 
ils as usually appear on the linal record map of the 
ne. Contour lines may be traced iji cadmium yel- 
iure satisfactory blue printing. 
aa*Frofae.—1iie locaUou ut'3ft\« a^tt-v\\4 Xi^ ««■ 
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<Scale devised by F. W. Steber.) 
Fig. 39. 
cuted according to tbe standard specimen, and should In- 
clude estimates of earthwork as determined from the ac- 
Itital cross-section notes, and quantities of other ctmstruc- 
UoQ materials. Curvature compensation will be ahovn on 
the location profile by reduced maximum gradlenta. Verti- 
cal curves will be calculated at a rate of change not to ei- 
ceed 0.05 toot per station, exc?!pt a\, KwrniaWa -h^mc it may 
^ 0.10 toot or more per statVcni. \\. ^wi\a.'^ \K««6.wft. ^ 



r 



OFFICE WORK. 



Center Cut or Fill in Feet 

FOR Given Quan-ti-ties per Station. 

(Data for Earthwork Scale.) 
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the flcdl record profile. Approximate profiles of projected 
Hues, determiceii from tie contour map, wltli roug-li esti- 
mates or quantities will also be pre^wred; as speclfled. 

Office Copiea of Notes. — The complete level cmd transit 
notes, and topography notes a» assigned, must he copied 
la tlie individual bcrokB by each student TheB9 copies will 
be In pencil (or Ink It so specified) and "will be executed in 
a faithful and draftsmanlike manner according to the de- 
partment standards ot lettering, etc, 

Estimntca of Qnantitlei,— The cross-seotlon notes will 
be copied and the quantities ot excavation and embankment 
calculated, as assigned. The croes-sectlonal areas will be 
calculated arithmetically and checked, especially on rough 
ground, by means ot planimeter. The quantities will be 
calculated by average end areas, by talbles, and by diagrams, 
so as to afCord ample practice for tbe studemt In all tbe cur- 
vent methods. The estimate will also include all the other 
materials of construction. 

Eatlmate of Coat.^ — Each student will make a detailed 
summary of the quantities, fls prices, and estimate tha 
probable total cost of the work, or of the assigned ekcUml. 
The prescribed form will be followed. Tlie prices should 
be baaed on local cocditions as far as possible. 

CouBtrnctlon Estimate •-^Monthly estimates, estimates 
of haul, borrow pit estimates, classification, prismoldal and 
curvature corrections, progress profile, vouchers, force ac- 
count, etc., and final estimate will be prepared by &B.ah 
student in accordance with prescribed forms and atanilards. 

Right of WTay Records.— Each student -^111 he assigned 
a share of work In the preparation of right of way deeds 
and record maps. The following forms (from the "Engi- 
neering Rules and Instructions," Northern Pacific R. B.) 
will be used as models in preparing right of way descrlp- 

(Througb government subdivisions): "A Strip, place or 
parcel of land one hunijred feet In width, situated in tJ>e 
northwest quarter of the northwest quarter of section teo, 
in township two north, range one west (S, 10. T. 2 N„ B- 
1 W.), Madison county, Montana, and having for its bonnd- 
aries two lines that are parallel with and equidistant fro"' 

the center line ot the ralVroad ot the Railway CoDO' 

psny, as the same is now \oca.\%4 la.\ia tit«io.\.rat\»&^ ^t * 
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more particular description, reference may be had to the 
plat drawn upou and made a part of tbis deed." 

lljotB la platted tracts) : "Lot seven (7) , block six (6) , in 
Smitb's addition to Helena, Lewis and Clark county 
Uotttana, according to the recorded plat thereof." 

CROSS-SECTIONING PARTY.— It Is the duty of the 
ipoes-Beotlonlng party to set slope stakes tor the proposed 
road'bed and to secure data for the calculation of earth- 
work quantities. The data should first be transcribed from 
the location level notes and profile into the cross-section 
ijook, including station numbers, surface and gra*e eleva- 
tionB, rates of grade, bench mark record, e1:c. In order to 
avoid confusion in relation to directions right and left, the 
station numbers should run up the page, and plenty o( 
space left for pluses in the Tiotes, «k%«cA^V3 c'^ -ccm? 
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grounil. Aa shown In the toria, the left hand page should 

be need for daita and the oSier for the crosa-aeetion notes. 
The organization and equipment of the croM-aectloning 
party when using tbe engineers' IcTel is: (1) recorder 
(note book), (2) ieveier (engineer's ievel), (3) rodinan (self- 
reading leveling rod, BO-foot tape), (4) axeman (ase, sack of 
Sat stakes, marking keel). I%e usual routine Is: (1) De- 
termine height of instrument by back siglit on identified 
bench or turning point. (When a bench mark is remote 
and an original turning poiat can not be found, it may 
Bultice in an emergency to check on the ground at several 
Btatlong to the nearest 0.1 foot and use the mean height of 
instrument. Such places should be verified later.) (2) 
Having tbe height of inetrument, check the original eleva- 
tion of the station about to be cross- sectioned, reading the 
rod and checking off the elevation if it does not differ more 
than 0.1 foot or so; In case of a new plus, take a rod read- 
ing and record the elevation. (3) Determine the "grade 
rod" for the station by subtracting the height of instrument 
from the grade elevation: then note that cut or fill at any 
point o( the cross-eectlon is equal to surface rod minus 
grade rod; (counting rods as minus when downward from 
the plane of the level and those upward as plus, this rule 
gives results always plus for cut and minus for fill, wbloli 
agrees with the conception that cross-section notes aro 
rectangular coordinates of the sectional area referred to 
the center oC the finished roadlbed as an origin.) (4) If tlifl 
ground is level transversely, that is, does not vary more 
than 0.1 foot or eo within the limits of the proposed eras- 
ing, then the distance from the center out to each side 
slope Gtake Is half width of roadbed plus center cut or All 
times rate of side slope; (thus for 20-foot roadbed, sida 
slopes 1 to 1, and a cut of 18.6 feet, the distance out to slope 
stake on a level section would be 2S.6 feet, or with a aiops 
of Hi to 1, the distance out would be 10 plus 1^ times 13 
or 37.9 feet. Calculations of this sort should be done meo." ] 
tally in an instant.) (5) On three-ieve! ground eatimait* 1 
the rise or fall of the surface from the center to abo«*' 
where the side slope stake should come, and add the S8«»* 
to, or subtract it from the center cut or fill, aa tbo ca** 
may be; compute the distance out to the point where tl^ 
side slope line would pletca \ii«i si<i\nii wiitaoe and to** 

.HWIC 
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the same with tape, rod and level by the foregoing rule for 
cut or BU; continue to <;onstruct points on the aide elope 
line until the common point Is found. (S) The axeman 
marks "S, S." (slope stake) on one elde of the stoke with 
the cut or fill to the nearest 0.1 foot (as C 6.8 or F 10.2) and 
the station number on the other side; the stake is driven 
slanting towards or away from the center line according 
as It is cut or (ill. (7) On (Ive-level ground or, In general, 
on ground involving any aumher ot points or angles In tbe 
section, the cut or fill is taken at each break. (8) Should 
there appear to be danger of land slips, the cross-sectioning 
ehould he carried welt beyond the limits of the slope Eta^e 
points. (9) The crose-sectlon notes are recorded as in the 
accompanying forra, exprcBsing the coordinates of each 
point In the form of a fraction, and ddatinguishlng t^t slope 
Stake points by enclosure in a circle, (10) Having com- 
pleted the cross-sectioning at the station, the same pro:;rain 
is followed at the next point, first checking tbe elevation 
obtained in the original location levels; the iirada rod 
sihould he determined as before by subtracting the height 
of Instrument from tJie grade elevation, and then checked 
by applying to the preceding grade rod the rise or fall of 
grade from the preceding point (11) Cross- sect! ons should 
be taken as a general rule at every station and at such 
intermediate points as will insure a reliable measurement 
ot the earthwork quantities. It Is not necessarily the low- 
est and highest points that are required, but those points 
which, when Joined by straight lines, will give the content* 
as nearly as possible equal to the true volume; if the "aver- 
age end areas" method is to be used in calculating tbe ;;uan- 
titiea, sections should be talcen every 50 feet when the dif- 
ference of center height is as much as 5 leet; as a rule, 
slope stakes need not be set at cross-sections taken between 
stations. (12) "Grade point" stakes (marked 0.0), should 
be set where the center line and each edge of the roadbed 
pierce the ground; and also In slde-hlll sections In both cut 
and fill, where the roadbed plane cuts the ground line; if 
tbe width o( roadbed is different in cut and flil, the greater 
halt'Wldth is commonly used in locating the side grade 
point; in the simplest case a contour line Is perpendicular 
to the center line and the three grade points are at th« 
same cross- section, fonning two "wedg«B', \"ii. \Si.«i tMrt^ --aiNaai 
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case tlie contour Ha« is diagxmal, aqd the three grade 
points are not in the same section, ao tha;t two pyramids are 
formed; 11 th« station numbera ot the two »lde grade pointo 
dltter by only a lew feet. It Is usual to Blmplily the re«ird 
by talcing the notes aa for a wedge at the station unmber ol 
the center grade point, although the side grade point stakes 
are set In their true poeltionBi as a rule, a complete cross- 
flection is taken at eaoh grade point (13) In cros9-B«ctlon- 
ing for the end ot an eml>ankment at a wooden trestle tbe 
end slope is made the same as the ^de slope, and the end 
and side planee are Joined by conical quadrants; the dis- 
tance between "heads ol dump" (H. D.) Is usually 10 feet (5 
feet at each end) less than the total length ot stringers; a 
complete cross-section Is taken at tJie "head of dump," and 
the "toe of dump" (T. D.) on each edge of the end sli^e is 
located and recorded; on level ground the volume ot Uie 
wedge-like solid SO formed is found by diTiding It into i 
triangular prism and two right conical quadrants; on 
ground slopiug transversely the end of dump is made up 
of a middle prismoid and two conical quadrants, each o( the 
latter being generated by a variable triangle revolved alwut 
a vertical axis through a corner oC the top roadbed plane 
at "head of dump.'' 

The calculations in the foregoing method of cross-section- 
ing may be simpliSed by preparing a. table of distances out 
for the standard roadbed widths and elopes, or by using a 
special tape having the zero graduation at a distance from 
the end equal to the half-width of roadbed, and the re- 
maining graduations modified to suit the side slope ratio- 
The calculations may t>e further simplified by using a spe- 
cial rod having an endless sliding tape graduation. The stu- 
dent will be given practice with these labor saving devices 
after he has first acquired familiarity with the prlnclplei 
of cross-sectioning without these aids. 

Cross-sectioning with rods alone Is done ln< much the 
lame manner as that described abova Two rods are used, 
rhe usual leueth of the rode is ten feet, and each Is gradn- 
rted to tenths and has a bubble vial in one or both ends. 
Phe slope stake point is d/etermined by leveling out from 
*6 ground at the center stake with reference to the centeJ 
'■'"t or fill, each rod being held alternately level and plumb, 
''tier points In the crosa-setftloa. as ^tW aa «i»ide poinU. 



CROSS-SECTIONING. 209 

etc., are dcftermined in the Bame manner. The notes are 
kept as In the other method. On verr rou^h ground, the 
rod method Is uauallj the more rapid. Some engineera 
cross-seodon on rough ground by taking the elevation of 
each point and plotting the notes on cross-section paper. 
then using the planimster to determine ttie areaa. Borrow 
pita are often cross-eectloned by taking elevations at the 
intersectlona of two series of parallei lines forming 
squarea. 

Iiand-Iiine Party.— It Is the duty of the right of way 
party to secure data for the preparation of right of way 
deeds. The party should consist of at least four: (1) re- 
corder, (3) transitmaa, (3) head chainman, (4) rear chain- 
man, (tlie chainmen also to serve as axemen and fingmen 
ae required). TLeir equipment is the usual one of a transit 
party for such work. "The party should secure ties with 
ali section and other land lines whenever crossed. The 
notes should show station numbers and angleK of intersec- 
tion and distance along land line to the nearest identified 
land corner and also to Important fences. As a rule, make 
the intersection by running through (rom one corner to the 
Other. Where the line passes through a town, tie the cen- 
ter line to the plats, block lines, monuments, etc. Secure 
any records and make tracings of any plats, etc., at the 
recorder's office, that may be of service in preparing deeds. 

Bridge and Maaonry Party.^rhe bridge and masonry 
survey party will determine drainage areas lor culverts and 
other waterways, prospect for foundajtions, and stake out 
trestles, masonry work, etc. The usual organization will 
be four men: (1) recorder (in charge), (2) transltman or 
leveler, (3) chainman, rodman, flagman, etc., (4) chainman, 
axeman, flagman, etc., as the work assigned may demand. 

Resvrvey Party-— The resurvpy party will be assigned to 
Buch duties as the resurvey of yards, the collection of data 
for crossing frogs, running centers on old track, including 
spirallng, etc. It will usually be a party of four. 

Semiuai? 'Work. — The purpose of the seminary work isl 
(1) to give the student a knowledge of the literature of rail- 
way engineering, and f2) to afford training in the collection 
and preservation of engineering information and data, and 
in the preparation of abstracts and reports of a ttthnica] 
nature. The reading will he daa« liL &C£<st^-ii<» -^''KltL i 
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PROBLEMS IN RAILROAD SURVETINO. 



(a) Equipment.— -Ehgineera' lerel and transit, adjusting 
pin. 

(1j) Problem. — Test the essential adjustments of the as- 
signed inetruments and correct any discrepancies found. 

(c) iletkoda.—ThiB problem ia designed to freshen tUe 
student's Itnowledge ol the adjustmenta ol the Inetniments, 
as well as to place tlie equipment in condition for accurate 
work. The adjustments will be made under the personal 
direction of the instructor. The student should attempt to 
he speedy as well as accurate in testing and mailing the ad- 
jUEtments, 

PROBLEM G2. USE OF FIELD EQUIPMENT. 

(a) Equipment. — Complete equipment for railroad transit 
and level party, as specified In foregoing pages. 

(b) Prohtem. — Practice the detailed duties of each poritlon 
In the transit and level party. 

(e) AffiJioils.—Thia problem is designed as a "breaking in" 
exercise preparatory to engaging In the regular field work 
of railroad location. With the manual In hand the duties 
of each position will be studied and practiced In turn. 

For example, each student will go through the following 

exercise with the transit as briskly as possible: (1) set 

transit over tach in hub, (2) level up, (3) set plate to lero, 

(4) reverse telescope and sight on back flag, (5) release 

'edle, (6) plunge telescope, (7) read and record needle on 

ch line prolonged. (8) sight at front flag pole, (9) read 

d record deflection angle right or left, (10) read and 

•ord needle on front line, (11) lift needle, (12) plunge 

Wcope and check on back flag, (13) calculate needle angle 

i compare with plate reading, and if checked, shoulder 

malt; now repeat entire process at the same hub, more 

^kly than at first, it ptacUca-Wft, ?.1^l^4^\l« ceCerence to 
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preceding record until fhe full s«riea of steps is completea. 

Let the student prepare a similar numbered pn^ram for 
each of the other positions and practice the same systemati- 
cally. This series o( exercises may profitably occupy two 
or more assignments, since the speed and quality of tbe 
actual surreys to follow are certain to be much enhanced. 
PROBLEM G3. PRELIMINARY FIELD CURVE ERAC- 
TICE. 

(a) Equipment. — Transit party equipment, as prescribed in 
Inetructiona. 
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212 RAILROAD SURVEYING. 

(b) Problem. — Run out tlie aaaigned practice curvee In Uie 
fleSd, wlbh the prescribed organization and conditions. 

<c) Methodi.—The preiiminary curve practice Ib designed 
to give ttae student a practical knowledge ot the principles 
of railroad curves and the routine methodb used in location 
surveys. The several positions in the field party will be 
lllled in succession, and each student is expected to respond 
heartily to the spirit of the practice, whatever his assigned 
duties. Bacli member o( the party stiould engage In Uie 
calculations aa lar as practicable. The reiport of the field 
work should state the precision of linear and angular 
checks. The Held practice will be based in part on tbe 
indoor curve problems. 

PROBLEM G4. CURVE PROBLEMS. 

(a) BjMipntcrtf.— Drafting inetnimenta, paper, etc 

(b) Problem. ^Solv& the assigned problema In railroad 
curves and submit results in a neat and draftsmanlike [arm. 

(c) J/eiAods,— (1) Draw a plain figure to the largest con- 
venient scale. (2) State problem and present data in s 
concise and systematic manner. (3) Show the separate steps 
clearly; first state formulas in general terms, then substi' 
tute values and give results; as a rule, show actual calcn- 
lationa adjacent to the indicated work; habitually verity 
results by an independent process; use common sense 
checks and contracted methods of calculation; in general, 
make full use of the opportunity to gain skiU as a com- 
puter. (As a rule, the nearest 0.1 foot only is required in- 
field measurements on curve location, but It is eicelient 
practice, especially tor the beginner, to preserve the nearest 
0.01 foot In the calculations.) 
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Errors.— Errors of observations are of three kinds, viz., 
(1) mistake; (2) systematic errore; (3) accidental errors. 
Systematic errors include all errors for which corrections 
can be made, as erroneous length of standard, errors of 
adjustment, refraction, etc. Accidental errors are those 
which still remain after mistaltes and systematic errors 
have been eliminated from the results. 

It has been found from experience that accidental errors 
are not distributed at random but follow mathematical 
laws. These laws are fundamental in the Theory of Least 
Squares and are: (1 ) small errors are more frequent than larg s- 
ones; (2) positive and negative errors are equally numerous*,- 
(3) very large errors do not occur. 

Arithmetical Mean. — The most probable value of a 
quantity obtained by direct measurements is the arith- 
metical mean of all the determinations where the observa- 
tions are of equal weight, or is the weighted mean where 
the observations are of unequal weight. 

Precision of Observations,— In the adjustment of obser- 
vations it is often necessary to combine results of different 
degrees of precision or weight. It is also desirable to have 
some means of comparing observations so that the com- 
puter may know what degree of conlidence to place in the 
results. The quantity commonly used for comparing the 
precision of observations is the probable error. 

Probable Error.— The probable error is such a quantity 
hat it is an even wager that the number of errors greater 
1 the same as the number of errors less than the probable 
nror. It is also the limit within which the probability is 
:ie-half that the truth will fall. For example, if 4.63± 
12 is the mean of a numl>er of observations, the true value 
as likely to be between 4.51 and 4.75 as it is to be some 
lue greater or less. 

Probable error is also useful in finding the relative weights 
A should be given different sets of observations, as it has 
n found that the weights of observations vary inversely 
he squares of their probable enoiti. 
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Formulas: 

Let E, = probable Biror of a single observation. 

En, ^ probable error of the mean of all the obserra* 
tions. 

n = the number of observations. 
(1 ^ the difference between any observation and the 
mean of all the observations. 

2 = symbol signifying sum of. 
Then from the Theory of Least Squares 

E, = 0.6745 1^— (1) 

(2) 
(3) 
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The probable error of the weighted or general mean is 

where s p = summation of the weights. 

The probable error of a quantity with a weight p is equal 
to Eo divided by the square root of p. 

The probable error of Z where Z = z, ± z, and R,, r„ 
and r J are the probable errors of Z, z, and Z], resftectively. is 
«! = <-l + rl (5) 

The probable error of Z, where Z = az is 

E; = a' r= (6) 

The probable error of Z, where Z = z, Zj is 

HI = zf rj + z| 1} (71 

This would be the probable error of the area of a rectan- 
gle where r, and r, are the probable errors of the sides z, 
and Zj, respectively. 

Example. — As an example of the application of these 

formulasconsiderthe two following seriesofmeasurementsof 

an angle given in Table I. The first set was. taken with a 

(ransit reading to 10 8ecoii4%,t\ift second with a transit 

reading to 30 seconds. 
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TABLE I. 
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Mean 34= 55' 33 


3;d==3610, 


Mean 34° 55' 36' 


2d==7740 


^. = »WS--3 


£„ =0,6746VM;.ie-J, 



The weights of these mean values vary inveraely as the 
squares of the probable errors, or in this case the weights 

1 1 

*re as . q, to (["~oj or as 12 to 5. The most probable value 

of the angle measured with the two transits will be the 
weighted mean 

=.340 55' .S3' .9 

The probable error of this result from (5) since 
12 5 
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■=(ll)-'." + (4)- 



4/3-^4= = ± 3' -6. 
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For other examples in the use of probable error see prob- 
able error of measuring a base line, probable error of set- 
ting a level target, probable error of setting a flag pole. 

Angle Heasurement. — The measurement of an angle re- 
quires two pointings and two readings. If r,. and Fa are the 
probable errors of reading and pointing,, respectively; the 
probable error of the measurement of an angle will from (5) 

be 

K, = i/ Tr ' + rs ' 

If r, is the probable error of a single reading 
rr=r. i/2~ 

If the value of an angle is determined by n separate meas- 
urements the probable error due to reading will be 



If the value of an angle is determined by measuring the 
angle n timesby repetition the probable error due to reading 
will be 



It will thus be seen that the probable error due to reacting 
i very much reduced by measuring an angle by the method 
t re)ietition. The errors of pointing, etc., however, make 
t doubtful whether it is ever advantageous to make n exceed 
' or 6 with an engineers' transit. 

^Angle Adjustment, — When the three angles of a triangle 
'ave been measured with equal care they should be adjusted 
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by applying one-third o£ the error as a correction to each 
angle. 

When the interior angles of a polygon having n sides 
bave been measured with equal care they should be adjusted 
'by applying one-nth o( the error as a correction to each 

When n — 1 angles and their sum angle at a point have 
been measured with equal care they should be adjusted by 
applying one-nth part of the error as a correction to each 
angle. 

In a quadrilateral the true values of the angles fulfil the 
following geometrical conditions: (I) the sum of the angles 
of each triangle is equal to 180° plus the spherical excess 
(the spherical excess in seconds of arc is equal approxi- 
mately to the area in square miles divided by 78); (.2) the 
computed length of any side when obtained from any other 
side through two independent sets of triangles is the same 
in both cases. 

When the angles of a quadrilateral have been measured, 
errors are certain to be present and the corrections that 
satisfy one of these conditions will not satisfy the other. 
The mcmt probable values of the corrections to the angles 
are then determined by the Theory of Least Squares. 

TESTS OF PRECISION. 

t Practical Testa — In careful surveying where blunders 
are eliminated and the systematic and accidental errors are 
small and under control, it is found that the magnitude of 
Uie errors increases in close accord with the foregoing 
rational basis, that is, as the square root of the numter of 
observations. The following practical tests of precision are 
based on this truth. (The diagrams have been prepared 
*ith a view to supply extra copies for insertion in the field 
note book where they may be consulted as the results are 
obtained.) 

Linear Errors. — Cumulative or systematic errors usually 
' increase directly as the length of the line chained, while eom- 
"1 peusating or accidental errors vary about as the square root 
I of the length. While both kinds of errors affect all linear 
T Ueasarements, the former ehielly control the results of crude 
1^ tod the latter of accurate chaining. It \a ttvvia la\t\^ tiOTi- 
J latent to express the precision of cViaiumft ia ftYaft.* «o^:». 
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in terms of the simple ratio of the length; but as the chaiD- 
ing becomes more and more exact, the variation of the dif- 
ferences between duplicate measurements approximates 
more and more closely to the law of square roots. 

CoeHicients of precision derived, from the latter relation- 
may be based on either lOU-foot units or foot units in tbe 
distance chained, as preferred. The former basis is used in 
the chaining diagram, while the latter is found In the last 
paragraph of the explanatory matter on the second page 
referring to the precision of traverse surveys. 

The diagram of chaining errors shows chaining ratios bv 
right lines radiating from the origin, and the law of square 
roots by means of parabolas. The coefficient of precision 
for a given observed difference between duplicate cbaininge 
is determined by inspection from the diagram, interpolating 
between curves if an additional decimal place is desired in 
the result. In actual ]>ractice a pair of careful chainmen 
may determine the coeHicient corresponding to a given 
degree of care, and then use this value either in testing 
their duplicate results, or in estimating the probable uncer- 
tainty of the lengths chained. 

For accurate chaining with the steel tape, duplicate 
measurements reduced for temperature, etc,, or made under 
sensibly identical conditions, should not differ more than 
00.5 foot into the sijuare root of the distance in 100-foot 
units. Careful work with the common chain (estimating 
fractions to (l.l foot) should not difEer more than 0.1 foot 
into the square root of the distance in 100-foot units. 

Angular Errors.— In measuring deflection angles by alti- 
tude reversals, as in railroad traversing, there is, of course 
a cumulative discrepancy due to the collimation error 
but generally spealiing, careful angular measurements with 
good instruments are subject only to compensating or ac- 
cidental errors. Under the latter conditions the magnitude 
of the error of closure in a series of angles, either in a 
closed i)Oiygon or about a point, varies about as the square 
root of tbe number of angles. This relation is indicated 
graphically in the diagram of angular errors. 

In measuring angles with a transit reading to the nearest 
minute, the compensating uncertainty of a single reading 
is probably somewhat under 0,5 minute per angle, or about 
oi^e minute for the closure of attism^le. If a reading glass 
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THE PRECISION OF TRAVERSE SURVEYS. 



Prescribed Limits For Closure Of Traverses. 
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THE PRECJSrON OF TRAVERSE SURVEYS. 



*F Ihr trtmgl, if rrra- 'ftr hrpalhmase U fj-Vl'?D\ 



I 




ERRORS OF SURVEYING. 
THE PRECISION OF LEVEL CIRCUITS 

frrw itUrun = Camli^ Tf Infill tfCirui'. 
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Precision Diagram for Level Circuits. 
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be used and the vernier reads to the nearest half miniite, 
the uncertainty is still further reduced. 

Again, in eatimating the needle reading of a compass to 
the nearest 5 minutes (one -sixth part of a half-degree), the 
uncertainty of reading alone is perhaps 3 minutes, although 
this is increased hj other conditions such as sluggishness 
of needle, etc., probably causing an uncertainty of asmnch 
as 5 minutes per angle, which latter limit would produce an 
error of closure of a triangle of sa^ lOminut^ andofa 
live-sided polygon of perhaps the same amount. (See dia- 
gram.) 

Traversing Errors. — The errors of traversing are made 
up of the combined errors of linear and angular measure- 
ments. If the error of closure as determined from the lati- 
tudes and dejiartures is large, the work should be scanned 
closely to detect blunders such as the substitution of sine 
for cosine, errors of 100 feet in chaining, misplacing deci- 
mal point, etc. After establishing the consistency of the 
residual errors, they should bo distributed either in propor- 
tion to the lengths of the several courses, as in the more 
common usage, or in the proportion of the respective lati- 
tudes and departures, as would seem to be more consistent. 
if the several courses have not been surveyed with like 
precision, weights should be assigned in distributing the 
errors. Absurd refinements should be avoided in malting 
the distribution of errors. 

leveling Errors. — Perhaps in no phase of surveying 
measurenients is it more clearly established that accidentAl 
errors follow the law of square roots than in careful leveling. 
The precision diagrams are based on besc current usage. 
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Introduction. — To no one is tlie ability to make calcula- 
tions accurately and rapidly of more value than to the engi- 
neer. Many fail to appreciate the value of rapid methods 
of calculation, and have no conception of the amount of 
time that can be saved by the skillful use of arithmetic, 
logarithms, reckoning tables and computing machines. 

In the field the engineer has to depend upon the ordinary 
methods of arithmetic, or a table of logarithms for his 
results. The use of tbcBe aids should therefore receive special 
attention, for the engineer connot afford to lose the time of 
his assistants while he makes unnecessary or extended com- 
putations. 016X0 

In the office tables of squares, reckoning tables, slide rules 
and computing machines can be used in many cases with 
profit. 

Consistent Accuracy. — It is safe to say that at least one- 
third of the time expended in making computations is 
wasted in trying to attain a higher degree of precision than 
the nature of the work requires. 

In making arithmetical computations where decimals are 
Involved it is a common practice to carry the result out to 
its farthest limit and then drop a few figures at random. 

In using logarithms time and labor are lost by using 
tables that are more extensive than the data will warrant. 
The relative amount of work in using four, five, six and 
seven-place tables is about as 1, 2, 3 and 4. Besides the 
extra labor involved, the computer has a result that is liable 
to give him an erroneous idea of the accuracy of his work. 

In making computations, in general, calculate the result 
to one more place than it is desired to retain. 

If several numbers are multiplied or divided, a given 
percentage of error in any one of them will produce the 
same per cent, of error in the result. 

In taking the mean of a series of quantities it is cansist- 
ent to retain one more place than is retained in the quan 
titles themselves. 
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Is direct multipiication or division retain four places ol 
aigoiScant Sgures in every factor for an accuracy of about 
one per cent; retain five places of signiDcant figures in 
every factor for an accuracy of about one-tenth of one per 
cent. 

1.0GAEITHMIC CALCULATIONS. 

Logdritbm Tables. — Logarithm tables contain the decimal 
part of the logarithm called the mantissa, the integral part 
called the characteristic is supplied by the computer. 

Tour-place tables give the mantiEsa to four decimal 
places of numbers from 1 to 999, and by interpolation give 
the mantissa of numbers from 1 to 9,999, Foui-place log- 
arithms should be used where four significant figures aresuf- 
flcient, and should not l>e used where an accuracy greater 
than one-half of one per cent is required. 

Five-place tables give the mantissa to five decimal placffl 
of numbers from 1 to 9,999, and by interpolation give tbe 
mantissa of numbers from 1 to 99,999. Five-place logs- 
rithms should be used where five significant figures are , 
sufficient, and should not be used where an accuracy greatei I 
than one-twentieth of one per cent is required. Five-place I 
tables are sufficiently accurate for most engineering work. 

Six-place tables give the mantissa to sis decimal places 
of numbers from 1 to 9,999, and by interpolation give the 
■ mantissa of numbers from 1 to 99,999, the same as the five- 
place tables. Six-place tables are of no practical value.ae 
the labor of using a six iostead of a five-place table is 
about as 2 to 3, and as the interpolation for the next signifi- 
cant figure is made with larger differences, it is less reli- 
able than with the live-place table. 

Seven-place tables give the mantissa to seven decimsl 
places of numbers from 1 to 99,999, and by interpolatim 
of numbers from 1 to 999,999. Seven-place tables are 
rarely needed in engineering work, except in triangulatioD 
work where the angles are measured by repetition. 

AEITHMETICAL CALCULATIONS. 

Requirements. — To become a rapid computer the fdlev* 
ing requirements are essential: 
(1) A good memory for retaining certain standard nan)- 
bers for reference. 



. ,l,z<,i:,.,G00glf^ 



ARITHHSmCAL CHECKS. 327 

(2) The power of performing the ordioaiy simple &rith< 
metical operations of multiplication, division, etc., on nnm- 
bers with facility, quickness and accuracr. 

(3) The power of registration, i. e., of keeping a string 
of numbers in the mind and working accnratelj upon tfaem. 

(4) The power of devising instantly the best method of 
performing a complicated problem as regards facility, 
quickness and certainty. 

It ia obvioos that all do not have the ability to become 
rapid compnters, bnt even these can become fairly skillful 
by constant practice and perseverance. The ordinary pro- 
cesses of arithmetic shonld be performed with numbers in 
all possible positions. Ko more figures should be put down 
than necessary, and all operations should be performed 
mentally whenever possible. In the mental part the results 
should alone be stated, much time being lost by repeating 
each separate figure. 

Checks. — In order to check his work the computer should 
keep the following well known properties of numbers well 
fixed in his mind: 

(1) The sum or difference of two even or of two odd 
numbers is even. 

(2) The sum or difference of an even and odd number is 
odd. 

(3) The product of two even numbers is even. 

(4) The product of two odd numbers is odd. 

(5) The product of an even number and an odd number 
iaeven. 

(6) Checking results by the familiar operation of cast- 
ing oat the 9's depends upon the following properties of 
numbers: 

(rt) A number divided by 9 leaves the same remainder 
sa the sum of the digits divided by 9. For example: 
4384-f-9=487+l 
(4+3+8+4)-9=2+l 
(6) The excess of 9's in the product equals the excess of 
9'b in. the product of the excesses of the factors. 
473,295 Excess =- 3 
4,235 Excess = 5 



2,004,404,325 Excess « 



15 
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(c) The excess of 9'b in tbe diyldend equals the eicen 
of 9'3 in the product of the excesses ia tbe divisor and quo- 
tient plus the excess in the remainder: 

56>2443 Excess in divisor =2 

4a+35 Excess in quotient =7 
Kxcess in remainder='8 
Excess in (2x7+8)=4) 
Excess in dividend =4 j 
(7) Results should be checked by taking aliquot parts 
wherever possible, and by performing the operations in 
inverse order or performing inverse operations. Ci)mputa- 
tions performed by means of logarithms should be checked 
by making the computations roughly by means of arithme- 
tic. The probability of error should be recognized and pre- 
caution taken to verify results. 

ADDITION. — Since the eye is accustomed to pass from left 
to right time can be saved, where the colunina are not too 
long, by adding in the same way. The device of increasing 
or diminishing the numbers to make them multiples of ten 
and then aubtracting or adding to the result is very con- 
venient, especially where several columns are added at one 

Ex. 1.- 96 

47 143 
212 69 



The mental work in detailis as follows: 
10(H-47=147; 147—4=143; 143-1-70-213; 213-1=212: 
212+30+90=332; 332—1=331 ; 331+50=381 ; 381—1=380 

■Expert accountants use the method of adding col- 
umns in groups of 10, 20, 30, etc., small figures, indicat- 
ing the number of the group, being placed along tbe column 
»t intervals depending upon the computer. This method is 
*ell adapted to the addition of long columns where one is 
liable to be called away from his work. The pit^^ress of 
'*»e work being then shown by the number of the group 
■P'ls tbe excesB. 
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MULTIPLICATION In order to mafce the best ase of 

the methods given, the computer Bhould have perfect com- 
mand of the multipUcatioD table as far as 20 at least. 

(1) When the tens diBer by unity and the eum of the units 
equals 10. numbers may bemultipliedby the following rule: 
From the squares of the tens of the larger number subtract 
tbe square of the units of the larger number. For the num- 
bers may be represented by (a+b) and (a — b), and the 
product wiilbe ta-|-b)(a— b) =a'— b*. 

Ex. I.-(93X87) -= 90'— 3' = 8,100— 9 = 8,091. 

(2) The product of composite numbers is best obtained 
mentally by resolving them into their factors and taking 
the products of the factors. 

Ex. 2.— 26X36=9X13X8=936 

Ex. 3.— 48X24=(24)'X2=1,152 

i2i:!tip1es of 10. — To multiply by some number which Is 
a factor of 10 or some multiple of 10, for example: Multiply 

A by B, where B=^i^ 

Annex n ciphers to A, multiply by C and divide by d. 

£'a>.l.—4,324X625=4,324(-l^^')= (4,324,000X5)-^ 8= 
2,702,500. 

Ex. 5.-7,924X25=792,400-!- 4= 198,100. 

Squaring Small Numbers. —Xumbers may be squared 
mentally by the following rule: Add to or subtract from 
one factor enough to make its units figure zero. Subtract 
from or add to the other factor the same amount. Multiply 
tc^etber this sum and difference, and to the product add 
the square of the amount by which the factors were increased 
or diminished. 

Proof.— a'— b'=(a+b) (a— b) 

a'=Ca-hb)(a.-^b)+b' 

Ex. 1.— (76)»=(72x80)+4'=5,776 

Ex. 2.— (127)'={124X 130)-l-3'=16,129 
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Ex. 3— {6i)'=(6x6i)+(J)'=39iV 
Ex. 4.— C6i)'=(6X7)+{i)'=424 
Ex. 5.- (7.5)'=(7x8)+(.5)'=56.25 

It will be seen that the process is ver" simple where the 
units place is 5. 

(2) Having the square of any number the square of Uie 
number next higher is obtained by the following rule: To 
the known square add the number and the next higher and 
the result will be the square of the nest higher number. 

Ejr.6.— (2&)>=625. (26)»=625+25+26=676 . 

(3) A very close approximation to the square of aquan- 
tity which is verj- near unity is obtained by adding algebra- 
ically two times the difference between the quantity and 
unity to the quantity. 

proo/. — (lib) '=l±2b+b»=l±2b, (approximate). 

Ex. 7.— (1.05/=l+2 (1.05— 1) = 1+.10=1.10 

Ex. 8.-(.94)'=l— 2(1— .94)=1— .12=.88 

Ex. 9.— (2.034)'=2'(1+2X.0I7)=4(1.034)=4.136 

Cross- Multiplication. — This consists in taking the 
product of each digit in the multiplicand by each digit 
in the multiplier and taking the sums, products of thesame 
denomination being determined thus: unlteX units gives 
units; tensXunics and unitsXtens gives tens; imitsX 
hundreds, tensXtens and hundredsX units give hundreds 
etc. AU products are added mentally, only the final result 
being put down. 

Ex. I.— (2,347) '=5,508,409 the final result being all that 
it is necessary to write down. The mental work is as 
follows, the figures in heavy type being figures in the pro- 
duct: 7X7=49; 4+2 (7X4)=60; 6+2(7x3)+4'=61; 
6+2 (2X7)+2(3X4)=58; 5+2 (2X4)+3'=30; 3+2(3X2) 
=16; l+2'=5. 
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mental wort is aa foUows: 3X2=6; 3X3+8X2= 
-3X4+8X3+5X2=48; 4+3x9+8X4+6X3+2x2 
3+8X^+5X4+2X3=106; 10+5X9+2X4=68; 6+ 
24. 

3, — The process of cross-multiplication may be alm- 
as follows: Required to multiply 4,328 by 736; 
he multiplier on a slip of paper in inverse order and 
t below the multiplicand with the left hand tigure 
the units place of the multiplicand thus: 

4,3^ 



ly together the figures in the same vertical column 
48; set down the 8 and carry the 4; then move the slip 
ice to the left thus: 



lying together the figures in the same vertical columns 
iing the sum, 4-1-6x2+3x8=40; set down the and 
the 4; then move the slip one space ta tliu left, 
lying together the figures In the same vertical col- 
adding, etc., we will finally have the work standing 



3,185,41)8 
oving the slip we have 
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The multiplier may be written on tbe bottom of a sheet 
Id inverse order and placed above the multiplicand instead 
as above described. The work, however, is very much 
simplified by simply writing the multiplier in inverse order 
without using the slip: 



a,185,408 

The mental work beicg as follows: 6X8=48; 4+6X2 
+3X8=40; 4+6X3+2x3+7X8=84; 8+6x4+3X3+7X 
2=55; 5+3X4+7X3=38; 3+7X4=81. It will be seen 
that this device removes most of the mental strain, there 
being no cross-products. 

COMTRACTED MULTIPLICATIOH. —In multipljing 
decimals, when the product is required to a few places of 
decimals, the work may he shortened as follows: Hequited 
a product correct to the nth decimal place. Write theniulti- 
plier with it» llgures in reverse order, its units place under 
the nth decimal place of the multiplicand. Multipl; the 
multiplicand by the figures in the multiplier, beginniDg 
with the right hand figure; rejecting those figures in the 
multiplicand which are to the right of the figure used as a 
multiplier, increasing each product by as many vmits U 
would have been carried from the rejected part of the 
multiplicand, taking the nearest unit in each case; place the 
right hand figure of each partial product in the same col- 
umn, and add as in common multiplication. 

In most cases it is best to compute one more place than re- 
quired. The following examples illustrate the process: 

Ex. J. — The radius of a circle is 420.] 7 ft. What is it) 
Semicircumference to nearest 0.01 ft.? (»■ ^ 3.141592d5.) 

In the work below the partial products in tbe contracted 
multiplication are seen to correspond to the partials of the 
common method, taken in reverse order, the part to tlw 
right of the vertical line being rejected. The contracted 
•nulti plication is carried one more place than required. A 
dot is placed above each figure when it is rejected from tba 
>ouItiplicand. 
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Ex. 2.— The observed length of a line is 2231.63 ft, 
with a tape having a length of 100.018 ft. Required the 
reduced length of the line to tlie nearest 0.01 ft. 

Noting tliat each foot of the tape = 1.00018 ft. 



2? zA3/63 
/£^ ZZ3/S3W00 

ZS3SM az32.03\/6934 



Ex. 3. —Same observed length with a ta])e gi.OSa ft 
lODg- Bequired the reduced length. 

Each foot of the tape= 0.99982 (^ 1—0.00018) ft. 

sky/.SJ 2.23^:63 

8/000.0-' 



H 

-0.40 2o<i8%e/ 
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Ex. 4. — To compare contracted multiplication with 
logarithmic work, calculate 861.3 ft. X sin 17°19' to the 
Dearest 0. 1 ft. 
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tv: 4 f09.96l-3^=. Z.93S/S4 
^^ ioffaSS.'*J=Z.-*OS8S4^ 



n 



— £3^ 

COHTR ACTED DITISION.— If the quotient is desired <»> 
rect to the nth decimal place, the following method ma; be 
used: Find one-half of the desired figures in the quotient 
ia the usual vay and do not bring down a figure for tiie 
last remainder. Drop a figure from the right of the diTisor 
and find another iigure la the quotient. Then without 
bringing down any more flgures continue to discard figures 
from the divisor until the required places are obtained. 

Ex. J.— Divide 443.9425 by 24.311 to nearest him- 
dredtb. There will be four figures In the quotient, bo ve 
will find the first two in the ordinary way. A dot is placed 
over each figure in the divisor when it is rejected. 



24'32)^43.94ZS(/8.SS 




Divisor Near Unity. — When the divisor Is nearunitj» 
very close approximation is given by the method shown in 

the following problems: 

Ex. 1.— 5-0I3254 =5(1— .003254)=5X.9%74b=4.98373 
correct to within one unit in the fifth place. 
Ex. 2— -g^ = 7 ( 1+ ( l-.9982))=7XLO018=7.0iai) 
correct to the last place. 
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COSTRACTID SQUAHB ROOT. A result correct to a re- 
quired number of decimal places may be found by a process 
similar to the method employed for contracted divisicai. 

Ex. 1. — Required the square root of 12.598.87325 correct 
to thousandths. We see hy inspection that the root will 
contain six figures. Find in the ordinaiy way the first 
three figures. Foim a new trial divisor in the usual way, 
and bring down only one figure for the dividend in place of 
two. Find the remaining figures by contracted division. 



/SS98.8732S(//S.e^S 




The last figure brought down is not increased whatever it 
may be followed by, since the contracted process tends to 
make the result a little too large. This method may be ap- 
plied to the extraction of cube roots, where it saves much 
work iu finding long trial divisors. 

Square Root of Small Numbers — The approximate square 
roots of small numbers may be found by means of the 
following rule: Divide the given number by the number 
whose square Is nearest the given number. The arith- 
metical mean of the quotient and divisor will be the ap- 
proximate square root of the number. The nearer the num- 
ber is to a perfect square the less the error. For example, 

Ex. 1.— Vl5= (=/+ 6) -1- 2 = 5.92. 
Ex. 2.— ^8"= (5 -H 3) ^ 2 = 2.83. 
Ex. 3.— ^'19= (V-H 9j ^ 2 = 8.89. 
Ex. 4.— VI28=(-^^11)-h2=U.S1. 
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S^nan RootbySubtttrtion.— WhileitpoaseBBeBnopointa 
of merit in this connection, it would not be proper to pass 
the subject of square root without presenting the noyel meth- 
od of extracting square roots used with the Thomas Com- 
puting maohine. The method depends upon the relation 
existing between odd numbers and squares ia the system of 
numbers having a radix t«n. If we sum up the odd num- 
bers, beginning at 1, we will observe the following relation: 

1=1»; 1+3=4=2"; 1+3+5=9=3'; 1+3+5+7=16=4' 
etc. It will be seen that the square root of the sum in each 
case is the number of the group. 

The method of extracting square roots is as followsr Point 
off in periods of two flgures each. Subtract from the left 
hand period the odd numbers in order, beginning at unity, 
until a remainder is obtained less than the next odd num- 
ber. Write for the first figure in the root the number which 
represents the number of subtractions made. Double the 
root aireadj* found and annex unity. Subtract as before, 
using for subtrahends the successive odd numbers, the root 
figure being tlie number of subtractions made, 

Ex. 1. — Extract the square root of 53,824, 



3 3 subtfaeffona. 



97 

4-3 






• 3 sohf'raci'iens. 



Z siibfracHons. 



MISCELLANEOUS FORMULAe.— The engineer should 
lave ready knowledge concerning approximate formulas and 
^■aJiies. This knowledge can be obtained by the expenditure 
o'' vej7 iiCtle energy and time \i i\^CW,\^ ave'^xeft.. "^wwti^ 
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computation and reference he should reduce as much of 
hie knowledge as possible to mathematical language and 
express known relations by means of fonuulas. The fol- 
lowing will illustrate this point. 

Coat of Sewer Pipe — The Westem Price List of sewer 
pipe is comprised in the formula, C=-0.4 d*+14. Where 
Oncost in cents per foot and d^=diameter of pipe in inches 
For 75 per cent off, the formula is C'=0.1 d'+3,5, a form- 
ula very easily remembered. 

RECKONIHG tables.— Tables for use In computing are 
so numerous and well known that it would be useless to try 
to refer to them by name. Two valuable tables for obtain- 
ing products of numbers — which are well known In Ger- 
many, but comparatively unknown in this country — are, 
"Crelle'B Rechentafeln," which gives the products of num- 
hers of three significant figures by three significant figures to 
999 by 999; and "Zimmerman's Bechentafeln," which gives 
the products of numbers of two places of significant flguies 
by numbers of three significant figures to 1(K) by 999. 

COMPUTING HACHINES.~In Fig.40, (a) is a Euttner 
reckoning machine; (b> a Thomas computing machine; (c)a 
Fuller slide rule; (d) a Thacher slide rule; (e) an ordinary 
slide rule; (f) a Colby Stadia slide rule; (g) a Colby sewer 
slide rule; (h) a li rant calculating machine; (i) a full circle 
protractor; (j) a Crozet protractor; (k) a protractor tee 
square; (1) a ]>olar planimeter; (m) a "jack knife" planini' 
eter; (n) a pantagraph; (o) a section liner; (p) a spher- 
ical planimeter. 

In using the "jack knife" planimeter, the point is placed 
at the center of gravity, and the knife edge is placed on a 
line passing through the center of gravity of the figure. 
The point is f hen made to traverse the perimeter of the fig- 
ure to he measured; passing out to the perimeter and re- 
turning to the center of gravity of the figure on the same 
line. The distance from the final position of the knife edge 
to the line through the center of gravity, multiplied by the 
length of the arm of the planimeter will give the area of 
the figure. The arm of the planimeter is usually made ten 
Inches long and the distance measured in inches. 

The other machines are described in the instructions ac- 
eompanyiag them when ^utcbaaed. 
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Pntctlce PUtM. — A magnified scale Is used In the flratsix 
plates to give familiarity with form of letter :uid numeral, 
and also to produce freedom of hand motion. The six 
plates Bhould first be made with a soft pencil shanicned to 
a needle point, and afterwards with pen and india ink. In 
Plate 7 the height of letter Is that prescribed in Chapter I. 
This standard size is not only well adapted to flcld notes 
and general drafting, but is economical of execution, as 
BhowQ by the diagram. 

ECONOMY DIAGRAM 
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FRBBHAND LETTERING. 
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BREAKING IN EXERCISES. 

(MaMe p/a/e oF each excrciss) 
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A valuable exercise in freehand lettering is that sug- 
gested in the "ecoaomy diagram" given, on p. 239. Por 
example, guide lines in pencil spaced from 2 to 6 fiftieths 
apart may be ruled, and a comparison made for lower ease 
Blanting and upright letters for half-hour intervals. 

In addition to the "breaking in" eseruises on p. 247, the 
student should train the eye and acquire a "swing" of the 
band by industrious practice in such exercises as the fol- 
lowing: (1) Pass a line freehand throngh two points; first 
sketch in the line roughly by a free awing of the forearm; 
thenpartially erase and retrace; finally test result with ruler. 
(2) Pass acircular arc through three points freehand; follow 
sketch method just described and, after perfecting the arc, 
sketch in tlie chords and locate the center freehand; test 
result mechanically. (3) Inscribe a circle in a square. (4) 
Inscribe an ellipse in a rectangle. (5) Inscrihe an ellipse 
in an oblique parallelogram. (In the last three e ■'"" 



iCoo^K 



ta 



FRBGHAND LETTBRINQ. 



give particular attention to points and lines of tangency 
and axes of syrumetry.) After making the line or Ugure 
satisfactorily with pencil, it should be executed freehand 
in india ink. 

The sketch below indicates the application of these ex- 
ercises in making roman letters freehand. The third line of 
the series of alphabets on the opposite p^e suggests a basi 
for elaborating the practice exercises. 

Practice should include spacing of lett«rB and words, and 
for this purpose it is suggested that the student use the 
" Bpecilications for a good engineer" following the preface. 

The student should not be content until he can mate 
letters freehand so well that a close inspection Is required 
to determine that they were not made mechanically. 







Freehand Titles — Good freehand titles suffice for most 
drawings, lu a good title consistent emphasis is given 
to the several parts, and the title as a whole accords wiUi 
the purpose and character of the drawing. Elaborate and 
ornamental titles have a limited application, and should 
not be attempted at all unless the draftsman has special 
skill in such work. In designing titles, whether freehand 
or mechanical, skill in sketching in the outlines, guide 
lines, axes of symmetry, etc, , is of much importance. On 
the following pages aie a few hints as to the prellminarr 
steps of title sketching, and also some examples of good 
titles used by several railroads. 
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